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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the flatness of 
a film formed on a substrate without producing particles 
and without lowering productivity. 
SOLUTION: A method for manufacturing a 
semiconductor comprises a process A for forming a first 
film layer and a process B for forming a second film 
layer. In the process A, a film-forming material is 
supplied (202) to allow inorganic starting gas to attach to 
the substrate being unreacted during the heating of the 
substrate up to a film-forming temperature, and an 
oxygen radical is supplied to the substrate for 
performing (203) RPO (remote plasma oxidation) 
treatment to form the first film layer thereon. Preferably, 
in the process A, the supply of the film-forming material 
to the substrate and the RPO treatment may be 
repeated a plurality of numbers of times. In the second 
process B, after raising the temperature of the substrate 
up to the film-forming temperature, the starting gas is 
supplied to the substrate to perform film-forming 

treatment (205) by a thermal CVD method, and the RPO treatment is performed for forming 
(206) the second film layer of a given thickness on the first film layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the condition that substrate temperature is lower than the membrane formation 
temperature by the heat CVD method, after making material gas adhere to up to a substrate, by 
supplying a different reactant fronrfmaterial gas to up to a substrate The 1st thin film layer 
formation process which forms the 1 st thin film layer, and the 2nd thin film layer formation 
process which forms the 2nd thin film layer for substrate temperature on the 1st thin film layer 
with a heat CVD method after temperature up using material gas to membrane formation 
temperature. It **** and said 1st thin film layer formation process and the 2nd thin film layer 
formation process are performed in the same reaction chamber. Said 1st thin film layer formation 
process The manufacture approach of the semiconductor device characterized by carrying out in 
the middle of the substrate temperature up to which it is before supplying material gas, in order 
to form the 2nd thin film layer, and temperature up of the substrate temperature is carried out 
to membrane formation temperature. 

[Claim 2] In the condition that substrate temperature is lower than the membrane formation 
temperature by the heat CVD method, after making material gas adhere to up to a substrate, by 
supplying a different reactant from material gas to up to a substrate The 1st thin film layer 
formation process which forms the 1 st thin film layer, and the 2nd thin film layer formation 
process which forms the 2nd thin film layer for substrate temperature on the 1st thin film layer 
after temperature up using material gas to membrane formation temperature, The manufacture 
approach of the semiconductor device which **** and is characterized by repeating the process 
which forms a thin film with a heat CVD method, and the process which supplies a reactant to 
the formed thin film two or more times in said 2nd thin film layer formation process. 
[Claim 3] After making material gas adhere to up to a substrate in the condition that substrate 
temperature is lower than the membrane formation temperature by the heat CVD method, The 
1st thin film layer formation process which forms the 1st thin film layer by supplying the reactant 
which activated the gas containing an oxygen atom by the plasma to up to a substrate, The 
manufacture approach of the semiconductor device characterized by having the 2nd thin film 
layer formation process which forms the 2nd thin film layer for substrate temperature on the 1st 
thin film layer with a heat CVD method after temperature up using material gas to membrane 
formation temperature. 

[Claim 4] The manufacture approach of the semiconductor device characterized by repeating the 
process which forms the film by supplying the reactant which activates the process which makes 
material gas adhere to up to a substrate, and the gas containing an oxygen atom by the plasma, 
and is obtained to up to a substrate two or more times in this order. 
[Claim 5] The processing room which processes a substrate, the heater which heats the 
substrate of the processing interior of a room, and the material gas supply system which supplies 
material gas, The reactant supply system which supplies a different reactant from material gas, 
and the exhaust port which exhausts the processing interior of a room, After supplying so that 
material gas may be made to adhere to up to a substrate into the substrate temperature up of 
the condition that substrate temperature is lower than the membrane formation temperature by 
the heat CVD method, The substrate processor characterized by having the control means 
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controlled to supply material gas on a substrate after supplying a reactant on a substrate and 
carrying out temperature up of the substrate temperature to membrane formation temperature 
after that. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor 

device and substrate processor which form a thin film on a substrate. 

[0002] 

[Description of the Prior Art] The CVD (Chemical Vapor Deposition) process which performs 
predetermined membrane formation processing on the front face of a substrate (processed 
substrate with which the pattern of the detailed electrical circuit which uses a silicon wafer, 
glass, etc. as the base was formed) is in one of the semi-conductor production processes. This 
loads an airtight reaction chamber with a substrate, heats a substrate with the heating means 
established indoors, and it forms a thin film at homogeneity on the pattern of the detailed 
electrical circuit which prepared the chemical reaction on the lifting and the substrate, 
introducing material gas on a substrate. A thin film is formed also in the structures other than a 
substrate in such a reaction chamber. In the CVD system shown in drawin g 10 , the shower head 
6 and a susceptor 2 are formed in a reaction chamber 1, and the substrate 4 is laid on a 
susceptor 2. Material gas is introduced into a reaction chamber 1 through the feeding tubing 5 
connected to the shower head 6, and is supplied on a substrate 4 from the hole 8 of a large 
number prepared in the shower head 6. Exhaust air processing of the gas supplied on the 
substrate 4 is carried out through an exhaust pipe 7. In addition, a substrate 4 is heated at the 
heater 3 which the susceptor 2 formed caudad. 

[0003] MOCVD (Metal Organic Chemical Vapor Deposition) which can form amorphous Hf02 film 
and the amorphous Hf silicate film in a membrane formation raw material as such a CVD system 
using an organic chemistry ingredient — there is a CVD system using law. 
[0004] As a membrane formation raw material, Hf[OC(CH3)3] 4 (it abbreviates to HHOtBu) 4 
hereafter), Hf[OC(CH3)2CH20CH3]4 (it abbreviates to Hf-(MMP) 4 hereafter), however MMP:1 
methoxy-2-methyl-2-propoxy Hf[0-Si-(CH3)] 4 (it abbreviates to Hf-(OSi) 4), etc. are used. 
[0005] In this, many organic materials, such as Hf-(OtBu) 4 and HfHMMP) 4, are the liquid phase 
in ordinary temperature ordinary pressure. For this reason, Hf-(MMP) 4 heat, are changed into a 
gas with vapor pressure, and are used, for example. 

[0006] By the way, the thin film deposited using the above MOCVD methods has the problem 
that the surface smoothness on the front face of the film is hard to be obtained, especially — 
the rate of sedimentation of a thin film — surface reaction — MOCVD in the case of it being 
rate-limiting and deciding — in law, the above-mentioned problem becomes remarkable, surface 
reaction — if rate-limiting, it turns out that time delay arises although a thin film starts 
deposition on a substrate front face. This time amount is called the incubation time. It is thought 
that there is a nucleation process in which island-like deposition is performed on a substrate, 
irregularity will be formed in this karyogenesis process, and the surface smoothness of a thin film 
will be lost between this incubation time. 

[0007] The concept of the irregularity of the thin film 31 formed on a substrate 4 at drawing 7 is 
shown. It is presumed that the heights 33 on the front face 32 of a thin film are formed in a 
nucleation process, the difference of the maximum of heights 33, and the minimum value of a 
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crevice 34 — the difference of concavo-convex height — H — being shown — this difference - 
- H is called surface smoothness, and if surface smoothness is bad when difference is large, and 
difference is small, it will be said that it excels in surface smoothness. 
[0008] The conceptual diagram of the karyogenesis (island formation) presumed to have 
generated in drawin g 8 in the incubation time is shown. The substrate of membrane formation 
attaches Si3N4 film to the front face of the thing which attached Si02 film to the front face of a 
silicon substrate 4 or a silicon substrate 4 thinly, or a silicon substrate 4 thinly. A nucleus 35 is 
formed in a substrate front face or the substrate film front face 30. This nucleus 35 grows and it 
becomes a thin film. Although the film tends to be attached to a nucleus 35 at this time, the film 
is hard to be attached to the substrate front face or the substrate film front face 30 in which a 
nucleus 35 is not formed. Therefore, as the thin film deposited by the MOCVD method is shown 
in drawing 7 , the surface smoothness on the front face 32 of a thin film is hard to be obtained. 
[0009] The surface smoothness on such a front face 32 of a thin film becomes the factor which 
reduces the dependability of the semiconductor device product which is a final product, and is 
posing a big problem with a device size cutback. 

[0010] Conventionally, the following are exhibited as a well-known example of the membrane 

formation technique using CVD. 

[0011] (1) JP,9-82696,A (well-known example 1) 

The condensation film formation process which a well-known example 1 supplies an oxygen 
radical and organic silane gas (TEOS) simultaneously at low temperature (-50-+50 degrees C), 
and forms the condensation film of the silicon oxide film with a condensation CVD method (the 
1st step), The refining process which carries out refining (impurities, such as C and H, are 
removed) by setting a substrate as an elevated temperature, passing an oxygen radical after that 
(400-600 degrees C), and heat-treating the condensation film in an oxygen radical ambient 
atmosphere (the 2nd step), It is the approach of forming the silicon oxide of request thickness by 
repeating two or more times in the reaction-of-identity interior of a room. At the 1st step, the 
film thinner than the film formed eventually is formed, and clearance of impurities, such as C and 
H, to homogeneity is enabled by performing refining of the condensation film at the 2nd step. 
[0012] (2) JP,2001-68485,A (well-known example 2) 

A well-known example 2 is the temperature (200-600 degrees C) lower than the growth 
temperature of a single crystal ZnO on silicon on sapphire. At temperature (600-800 degrees C) 
higher than the process (the 1st step) into which the simultaneous exposure of Zn beam and the 
oxygen radical beam is carried out, and a low dental-curing length ZnO layer is grown up, and the 
growth temperature of the low dental-curing length ZnO The process which heat-treats a low 
dental-curing length ZnO layer, irradiating an oxygen radical beam (flattening processing) (the 
2nd step), It is the approach of having the process (the 3rd step) which the simultaneous 
exposure of Zn beam and the oxygen radical beam is carried out [ process ] at 600-800 degrees 
C, and grows up an elevated-temperature growth single crystal ZnO layer on a low dental-curing 
length ZnO layer. Crystallinity is made good by carrying out flattening processing of the low 
dental-curing length layer who made it grow up at the 1st step at the 2nd step, and growing up 
an elevated-temperature growth single crystal layer at the 3rd step. 
[0013] (3) JP,6-45322,A (well-known example 3) 

A well-known example 3 removes the natural oxidation film of the front face of the poly-Si film 
by hydrogen annealing, and it conveys it at the vapor growth furnace of a lamp heating type, 
without exposing a substrate to atmospheric air after that. SiH2CI2 gas and NH3 gas are 
simultaneously supplied at low temperature (700 degrees C) on the poly-Si film after 
conveyance. Form the 1st SiN film which has the 1st thickness (5A) (the 1st step), carry out 
temperature up after that (700->800 degrees C), and SiH2CI2 gas and NH3 gas are supplied 
simultaneously. It is the manufacture approach of the SiN film which forms the 2nd SiN film 
which has the 2nd thickness (100A) thicker than the 1st thickness on the 1st SiN film (the 2nd 
step). By carrying out low dental-curing length at the 1st step, the surface density of a growth 
nucleus becomes high, the film excellent in surface smoothness is obtained, and the SiN film of 
request thickness can be formed at the 2nd step. 

[Patent reference 1] JP,9-82696,A (the two - 9th page, drawing 1) [the patent reference 2] 
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JP.2001-68485.A (the two - 4th page, drawing 1) [the patent reference 3] JP,6-45322,A (the 
two - 4th page, drawing 1) [0014] 

[Problem(s) to be Solved by the Invention] However, there were the following troubles in the 
well-known example mentioned above. 

(1) Supply material gas and a radical simultaneously in the 1st step (low temperature treatment) 
by well-known examples 1 and 2. However, since reactivity of an oxygen radical is high, if 
material gas and an oxygen radical are supplied simultaneously, particle will generate it. 

(2) Like well-known examples 1-3, after the 1st low-temperature step, in order to carry out 
temperature up of the substrate to it being the membrane formation approach containing the 2nd 
hot step after the 1st low-temperature step, a throughput (productivity) falls. In addition, well- 
known examples 1 and 3 form the 1 st layer and the 2nd layer (henceforth) with the CVD method, 
and the well-known example 2 forms the 1st layer and the 2nd layer by the MBE method. 
[0015] The technical problem of this invention is to offer the manufacture approach of the 
semiconductor device which can raise the surface smoothness of a thin film, and a substrate 
processor, without generating particle. Moreover, the technical problem of this invention is to 
offer the manufacture approach of .the semiconductor device which can raise the surface 
smoothness of a thin film, without reducing productivity. 

[0016] 

[Means for Solving the Problem] The 1st invention is in the condition that substrate temperature 
is lower than the membrane formation temperature by the heat CVD method. By supplying a 
different reactant from material gas on a substrate, after making material gas adhere to up to a 
substrate The 1st thin film layer formation process which forms the 1st thin film layer, and 
substrate temperature to membrane formation temperature After temperature up. It has the 2nd 
thin film layer formation process which forms the 2nd thin film layer on the 1 st thin film layer 
with a heat CVD method using material gas. Said 1 st thin film layer formation process and the 
2nd thin film layer formation process are performed in the same reaction chamber. Said 1st thin 
film layer formation process It is, before supplying material gas, in order to form the 2nd thin film 
layer, and it is the manufacture approach of the semiconductor device characterized by carrying 
out in the middle of the substrate temperature up to which temperature up of the substrate 
temperature is carried out to membrane formation temperature. In the 1 st thin film layer 
formation process, since material gas is made to adhere on a substrate in the condition that 
substrate temperature is lower than the membrane formation temperature by the heat CVD 
method, this material gas can be adhered on a substrate, while it has been unreacted. Then, 
since the membrane formation reaction in which the film is compulsorily formed by supplying a 
different reactant from material gas occurs, an incubation time does not occur but a 
karyogenesis process can be skipped. Therefore, the 1st thin film layer excellent in surface 
smoothness can be formed. Moreover, in the 2nd thin film layer formation process, since the 2nd 
thin film layer is formed on the 1st thin film layer excellent in surface smoothness, the thin film 
which improved surface smoothness can be formed. And since the 2nd thin film layer is formed 
with a heat CVD method, good membraneous quality is obtained compared with the case where 
it forms by the ALD method, moreover — although the 1st thin film layer may be formed in 
temperature lower than membrane formation temperature where setting-out maintenance is 
carried out, without it reduces productivity by forming into the temperature up to membrane 
formation temperature — the — 1 thin membrane layer ****** can improve the surface 
smoothness of the 2nd thin film layer. 

[0017] The 2nd invention is the manufacture approach of the semiconductor device 
characterized by repeating supply of the material gas to a substrate top, and supply of a 
reactant two or more times in said 1st thin film layer formation process in the 1st invention. 
Even when the part in which the film is not selectively formed when supply of material gas and 
supply of a reactant are performed only at once by repeating supply of material gas and supply 
of a reactant two or more times is generated, the part can be filled and surface smoothness can 
be improved further. 

[0018] The 3rd invention is the manufacture approach of the semiconductor device 
characterized by supplying non-reactivity gas between supply of the material gas to a substrate 
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top, supply of a reactant, and ** in said 1st thin film layer formation process in the 1st invention. 
If non-reactivity gas is supplied between supply of material gas, and supply of a reactant, the 
amount of adsorption of the material gas to a substrate top will become homogeneity. Moreover, 
since material gas and a reactant can be prevented from existing simultaneously in an ambient 
atmosphere, generating of particle can be prevented. 

[0019] The 4th invention is the manufacture approach of the semiconductor device 
characterized by the substrate temperature in said 1 st thin film layer formation process being 
within the limits of 200 degrees C or more and 390 degrees C or less in the 1st invention. Since 
substrate temperature carries out the form of the 1st thin film layer in the condition 390 degrees 
C or less, even if it passes material gas, a membrane formation rate does not occur, but material 
gas can be made to adhere, while it has been unreacted on a substrate. On the other hand, since 
substrate temperature carries out the form of the 1 st thin film layer in the condition 200 degrees 
C or more, the good film of adhesion with a substrate can be formed. 
[0020] The 5th invention is the manufacture approach of the semiconductor device 
characterized by said material gas being organic material gas in the 1st invention. Since surface 
smoothness can improve when the-organic material gas with which especially the surface 
smoothness on the front face of the film is hard to be obtained is used, the merit of this 
invention is large. 

[0021] The 6th invention is gas which evaporated the raw material with which said material gas 
contains Hf in the 1st invention, and the thin film to form is the manufacture approach of the 
semiconductor device characterized by being the film containing Hf. Here, specifically as film 
containing Hf, Hf-aluminum-OX, such as HfSiOx(es), such as HfOXNY(s), such as Hf02 and 
HfON, and HfSiO, HfSiON, and HfAIO. or HfAION is mentioned. 

[0022] The 7th invention is gas obtained in the 1st invention by said material gas evaporating Hf 
[OC(CH3)2CH20CH3]4, and the thin film to form is the manufacture approach of the 
semiconductor device characterized by being the film containing Hf. 
[0023] The 8th invention is the manufacture approach of the semiconductor device 
characterized by said reactant containing an oxygen atom in the 1st invention. Although a 
reactant contains an oxygen atom, after making material gas adhere to up to a substrate in the 
1st thin film layer formation process, there is no concern to which a substrate will oxidize 
directly and will be carried out by this reactant by considering as the sequence which supplies a 
reactant on a substrate. 

[0024] The 9th invention is the manufacture approach of the semiconductor device 
characterized by said reactant containing the gas which activates the gas containing an oxygen 
atom by the plasma, and is obtained in the 1 st invention. In one example, an oxygen radical can 
be used as a reactant. In addition, it is contained, not only when supplying on a substrate, after 
activating oxygen content gas in the reaction chamber exterior and generating [ ****** ] an 
oxygen radical, when supplying an oxygen radical on a substrate, but when it supplies in a 
reaction chamber, without activating oxygen content gas and the oxygen radical generated by 
heat etc. in the reaction chamber after supply is supplied on a substrate. 
[0025] The 10th invention is the manufacture approach of the semiconductor device 
characterized by supplying said material gas and reactant from the respectively same feed 
hopper in the 1st invention. By supplying material gas and a reactant from the same feed hopper, 
the foreign matter adhering to the interior of this feed hopper can be coated with the same film 
as the film formed on a substrate by this approach. Thereby, it can prevent that this foreign 
matter results on a substrate with the flow of material gas or a reactant. When supplying material 
gas and a reactant on a substrate by the downflow especially, it can prevent certainly this 
foreign matter getting down on a substrate, and falling during processing. Moreover, when a 
reaction chamber is cleaned by cleaning gas, the effectiveness of being certainly removable is 
also acquired, without leaving foreign matters and cleaning gas, such as a by-product which is 
sticking to the interior of a feed hopper. 

[0026] In the 1st invention, in case the 1 1th invention supplies non-reactivity gas to the feed 
hopper for reactants in case it supplies material gas to a substrate from the feed hopper for 
material gas and supplies a reactant to a substrate from the feed hopper for reactants while it 
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supplies said material gas and reactant from a respectively separate feed hopper, it is the 
manufacture approach of the semiconductor device characterized by supplying non-reactivity 
gas to the feed hopper for material gas. Since material gas and a reactant are supplied from a 
separate feed hopper, formation of the built up film formed also in the interior of a feed hopper 
can be controlled. Moreover, since it can avoid that both contact in each feed hopper if non- 
reactivity gas is supplied from the feed hopper of another side when one side is supplied among 
these material gas and a reactant, the built up film formation to the interior of each feed hopper 
can be controlled further. 

[0027] In case the reactant is exhausted without making it stop so that a reaction chamber may 
be bypassed in case the 12th invention supplies material gas to a substrate in the 1st invention, 
and a reactant is supplied to a substrate, material gas is the manufacture approach of the 
semiconductor device characterized by exhausting so that a reaction chamber may be bypassed, 
without making it stop. Shortly after passing without stopping supply of a reactant and material 
gas, respectively so that a reaction chamber may be bypassed, material gas or a reactant can be 
supplied on a substrate only by switching flow. Therefore, a throughput can be improved. 
[0028] The 1 3th invention is the manufacture approach of the semiconductor device 
characterized by repeating the process which forms a thin film with a heat CVD method, and the 
process which supplies a reactant to the formed thin film two or more times in the 2nd thin film 
layer formation process in the 1 st invention. After forming a thin film with a heat CVD method, it 
can process removing the impurity mixed into the thin film concerned for 1 time of every repeat 
etc. by supplying a reactant to the thin film. Therefore, by repeating these processes, when only 
performing the usual CVD method, efficiency, such as impurity clearance, can be improved, and 
the good film can be formed. 

[0029] It is the manufacture approach of the semiconductor device characterized by the 14th 
invention performing said 1st thin film layer formation process or/and the 2nd thin film layer 
formation process in the 1st invention, rotating a substrate. The surface smoothness of the film 
formed can be improved by performing the 1st thin film layer formation process or/and the 2nd 
thin film layer formation process, rotating a substrate. 

[0030] The 15th invention is the manufacture approach of the semiconductor device 
characterized by having the process which supplies a hydrogen radical on a substrate before the 
1st thin film layer formation process in the 1st invention. By supplying a hydrogen radical on a 
substrate before formation of the 1st thin film layer, defecation processing on the front face of a 
substrate and hydrogen termination processing are performed. Thereby, the bonding strength of 
a substrate and the 1st thin film layer increases, and adhesion improves. 
[0031] The 16th invention is in the condition that substrate temperature is lower than the 
membrane formation temperature by the heat CVD method. By supplying a different reactant 
from material gas to up to a substrate, after making material gas adhere to up to a substrate The 
1st thin film layer formation process which forms the 1st thin film layer, and substrate 
temperature to membrane formation temperature After temperature up, It has the 2nd thin film 
layer formation process which forms the 2nd thin film layer on the 1st thin film layer using 
material gas. Said 2nd thin film layer formation process It is the manufacture approach of the 
semiconductor device characterized by repeating the process which forms a thin film with a heat 
CVD method, and the process which supplies a reactant to the formed thin film two or more 
times. With the 1 st thin film layer formation process, in the condition that substrate temperature 
is lower than membrane formation temperature, while it has been unreacted, material gas can be 
adhered on a substrate. Then, since the membrane formation reaction in which the film is 
compulsorily formed by supplying a different reactant from material gas occurs, an incubation 
time does not occur but a karyogenesis process can be skipped. Therefore, the 1st thin film 
layer excellent in surface smoothness can be formed. Moreover, in the 2nd thin film layer 
formation process, since the 2nd thin film layer is formed on the 1st thin film layer excellent in 
surface smoothness, the thin film which improved surface smoothness can be formed. Moreover, 
in the 2nd thin film layer formation process, after forming a thin film with a heat CVD method, it 
can process removing the impurities (for example, C, H, etc.) mixed into the thin film concerned 
for 1 time of every repeat etc. by supplying a reactant to the thin film. Therefore, by repeating 
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these processes, when only performing the usual CVD method, efficiency, such as impurity 
clearance, can be improved, and the good film can be formed. 

[0032] The 17th invention is the manufacture approach of the semiconductor device 
characterized by repeating supply of the material gas to a substrate top, and supply of a 
reactant two or more times in said 1 st thin film layer formation process in the 1 6th invention. 
Even when the part in which the film is not selectively formed when supply of material gas and 
supply of a reactant are performed only at once by repeating supply of material gas and supply 
of a reactant two or more times is generated, the part can be filled and surface smoothness can 
be improved further. 

[0033] The 1 8th invention is in the condition that substrate temperature is lower than the 
membrane formation temperature by the heat CVD method. By supplying the reactant which 
activates the gas containing an oxygen atom by the plasma, and is obtained to up to a substrate, 
after making material gas adhere to up to a substrate It is the manufacture approach of the 
semiconductor device characterized by having the 1st thin film layer formation process which 
forms the 1 st thin film layer, and the 2nd thin film layer formation process which forms the 2nd 
thin film layer for substrate temperature on the 1 st thin film layer with a heat CVD method after 
temperature up using material gas to membrane formation temperature. With the 1 st thin film 
layer formation process, in the condition that substrate temperature is lower than membrane 
formation temperature, while it has been unreacted, material gas can be adhered on a substrate. 
Then, since the membrane formation reaction in which the film is compulsorily formed by 
supplying a reactant occurs, an incubation time does not occur but a karyogenesis process can 
be skipped. Therefore, the 1 st thin film layer excellent in surface smoothness can be formed. 
Moreover, in the 2nd thin film layer formation process, since the 2nd thin film layer is formed on 
the 1st thin film layer excellent in surface smoothness, the thin film which improved surface 
smoothness can be formed. And since the 2nd thin film layer is formed with a heat CVD method, 
good membraneous quality is obtained compared with the case where it forms by the ALD 
method. Moreover, although a reactant activates the gas containing an oxygen atom by the 
plasma and it is obtained, after making material gas adhere to up to a substrate, there is no 
concern to which a substrate will oxidize directly and will be carried out by this reactant by 
considering as the sequence which supplies a reactant on a substrate. 
[0034] The 19th invention is the manufacture approach of the semiconductor device 
characterized by repeating the process which forms the film two or more times in this order by 
supplying the reactant which activates the process which makes material gas adhere to up to a 
substrate, and the gas containing an oxygen atom by the plasma, and is obtained to up to a 
substrate. Since the membrane formation reaction in which the film is compulsorily formed by 
supplying a reactant occurs after making material gas adhere on a substrate, an incubation time 
does not occur but a karyogenesis process can be skipped. Therefore, the film excellent in 
surface smoothness can be formed. Moreover, although a reactant activates the gas containing 
an oxygen atom by the plasma and it is obtained, after making material gas adhere to up to a 
substrate, there is no concern which a substrate will oxidize directly by the reactant and will be 
carried out by considering as the sequence which supplies a reactant on a substrate. Therefore, 
even when repeating each above-mentioned process two or more times, the effectiveness which 
can control that the film with a low dielectric constant will be formed is acquired. 
[0035] The processing room where the 20th invention processes a substrate, and the heater 
which heats the substrate of the processing interior of a room, The material gas supply system 
which supplies material gas, and the reactant supply system which supplies a different reactant 
from material gas, After supplying so that material gas may be made to adhere to up to a 
substrate into the substrate temperature up of the exhaust port which exhausts the processing 
interior of a room, and the condition that substrate temperature is lower than the membrane 
formation temperature by the heat CVD method. After supplying a reactant on a substrate and 
carrying out temperature up of the substrate temperature to membrane formation temperature 
after that, it is the substrate processor characterized by having the control means controlled to 
supply material gas on a substrate. 

[0036] The 1st thin film layer formation process which the 21st invention is in the condition that 
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substrate temperature is lower than membrane formation temperature, and forms the 1 st thin 
film layer by supplying an oxygen radical on a substrate after supplying on a substrate, and 
making material gas adhere while it has been unreacted, It is the manufacture approach of the 
semiconductor device characterized by including the 2nd thin film layer formation process which 
supplies material gas for substrate temperature on a substrate after temperature up to 
membrane formation temperature, and forms the 2nd thin film layer on the 1st thin film layer with 
a heat CVD method. 

[0037] Formation of the 1 st thin film layer is the manufacture approach of a semiconductor 
device that 22nd invention is characterized by carrying out into the substrate temperature up to 
which temperature up of the substrate temperature in order to form the 2nd thin film layer in the 
21st invention, before supplying material gas is carried out to membrane formation temperature. 
[0038] The 23rd invention is the manufacture approach of the semiconductor device 
characterized by repeating supply of the material gas to a substrate top, and supply of an oxygen 
radical two or more times in the 1st thin film layer formation process in the 21st or 22nd 
invention. 

[0039] The 24th invention is the manufacture approach of the semiconductor device 
characterized by supplying non-reactivity gas between supply of the material gas to a substrate 
top, and supply of an oxygen radical in the 1st thin film layer formation process in the 21st - the 
23rd invention. 

[0040] The reaction chamber where the 25th invention processes a substrate, and the heater 
which heats the substrate in a reaction chamber, The material gas feed hopper which supplies 
material gas in a reaction chamber, and the radical feed hopper which supplies an oxygen radical 
in a reaction chamber, After supplying so that a substrate is heated at a heater, and material gas 
may be made to adhere in the condition that substrate temperature is lower than membrane 
formation temperature while it has been unreacted on the substrate in a reaction chamber, It is 
the substrate processor characterized by having the control means controlled to supply an 
oxygen radical on the substrate in a reaction chamber, to form the 1st thin film layer, to supply 
material gas for substrate temperature on the substrate after temperature up and in a reaction 
chamber to membrane formation temperature after that, and to form the 2nd thin film layer. 
[0041] After making material gas adhere to a substrate while it has been unreacted, the 
manufacture approach of the semiconductor device said 21st invention can be easily enforced 
by supplying an oxygen radical on a substrate and having the control means controlled to supply 
material gas on a substrate after temperature up to the epigenesis film temperature. In addition, 
if it has the control means controlled to supply an oxygen radical to a substrate into substrate 
temperature up further after supplying so that material gas may be made to adhere while it has 
been unreacted on the substrate in a reaction chamber, the manufacture approach of the 
semiconductor device the 22nd invention can be enforced easily. Furthermore, if it has the 
control means controlled to repeat supply of material gas, and supply of an oxygen radical two or 
more times, the manufacture approach of the semiconductor device the 23rd invention can be 
enforced easily. Furthermore, if it has a non-reactivity gas supply means to supply non- 
reactivity gas, and the control means controlled to supply non-reactivity gas between supply of 
material gas, and supply of an oxygen radical, the manufacture approach of the semiconductor 
device the 24th invention can be enforced easily. 

[0042] The 26th invention is the manufacture approach of a semiconductor device or substrate 
processor characterized by supplying a hydrogen radical on a substrate before formation of the 
1st thin film layer in the 21st - the 25th invention. 

[0043] The 27th invention is the manufacture approach of the semiconductor device 
characterized by material gas being organic material gas, or a substrate processor in the 21st - 
the 25th invention. 

[0044] The 28th invention is gas by which material gas evaporated Hf[OC(CH3)2CH20CH3]4 in 
the 21st - the 25th invention, and the thin film to form is the manufacture approach of the 
semiconductor device characterized by being Hf02 film, or a substrate processor. In addition, 
when forming membranes with a CVD method using an organic raw material, oxygen content gas 
is also usually supplied together, but when using Hf[OC(CH3)2CH20CH3]4, as for oxygen 
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content gas, the direction which is not supplied together can lessen the amounts of specific 
element (impurity) mixing, such as C and H. 

[0045] The 29th invention is the manufacture approach of a semiconductor device or substrate 
processor characterized by the substrate temperature in the formation process of the 1 st thin 
film layer being 200 degrees C or more 390 degrees C or less in the 28th invention. 
[0046] It is the manufacture approach of a semiconductor device or substrate processor 
characterized by the 30th invention having the membrane formation process in which formation 
of the 2nd thin film layer forms a thin film, and the process which supplies an oxygen radical to 
the thin film which formed in the 21st - the 25th invention. Since it has the process which 
supplies an oxygen radical to a thin film in addition to the membrane formation process which 
forms a thin film layer and he is trying for this process to remove specific elements (impurities, 
such as C and H etc.), specific elements, such as impurities, such as C in the film formed in the 
formation process of the 2nd thin film layer and H, are effectively removable. 
[0047] The 31st invention is the manufacture approach of a semiconductor device or substrate 
processor characterized by forming the thin film layer which has the membrane formation 
process in which the formation process of the 2nd thin film layer forms a thin film in the 21st - 
the 25th invention, and the process which supplies an oxygen radical to the formed thin film, and 
has desired thickness by repeating these processes two or more times. In the formation process 
of the 2nd thin film layer, since a membrane formation process and the process which supplies 
an oxygen radical are repeated two or more times, while being able to form the thin film layer 
which has predetermined thickness, the amount of clearances of the specific element in the film 
formed in the formation process of the 2nd thin film layer (impurities, such as C and H) can be 
increased. 

[0048] In the 32nd invention, the formation process of the 1 st thin film layer at least is the 
manufacture approach of a semiconductor device or substrate processor characterized by 
carrying out rotating a substrate in the 21st - the 25th invention. If the formation process of the 
1st thin film layer is performed rotating a substrate, since it can process a substrate to rear- 
spring-supporter homogeneity in a field, the surface smoothness of the 1 st thin film layer and its 
surface smoothness of the 2nd thin film layer further formed on it improve. [ at least ] 
[0049] It is the manufacture approach of a semiconductor device or substrate processor 
characterized by the 33rd invention performing both the formation process of the 1 st thin film 
layer, and the formation process of the 2nd thin film layer in the 21st - the 25th invention, 
rotating a substrate. 

[0050] The 34th invention is the manufacture approach of a semiconductor device or substrate 
processor characterized by supplying material gas and an oxygen radical from a separate feed 
hopper, respectively in the 21st - the 25th invention. 

[0051] In the 24th invention, in case it supplies non-reactivity gas from the feed hopper for 
oxygen radicals in case the 35th invention supplies material gas on a substrate, and it supplies 
an oxygen radical on a substrate, it is the manufacture approach of a semiconductor device or 
substrate processor characterized by supplying non-reactivity gas from the feed hopper for 
material gas. 

[0052] In case the oxygen radical is passed so that a reaction chamber may be bypassed without 
making it stop in case the 36th invention supplies material gas to a substrate in the 24th 
invention, and an oxygen radical is supplied to a substrate, material gas is the manufacture 
approach of a semiconductor device or substrate processor characterized by passing so that a 
reaction chamber may be bypassed without making it stop. 
[0053] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below, the 
gestalt of this operation — MOCVD — the case where Hf02 film (it only abbreviates to Hf02 
film hereafter) of an amorphous condition is formed by law is explained. 

[0054] [Gestalt of the 1st operation] Drawin g 9 is the schematic diagram showing an example of 
the single-wafer-processing CVD system which is a substrate processor concerning the gestalt 
of operation. The radical generating unit 1 1, the substrate revolution unit 12, the inert gas supply 
unit 10, and the by-path pipe 14 are mainly added to the conventional reaction chamber 1 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/06/28 



dP.2003-347298,A [DETAILED DESCRIPTION] 



9/21 s<—is 



( drawing 10 ). 

[0055] As shown in drawing, the heater unit 1 8 of the hollow where up opening was covered with 
the susceptor 2 is formed in a reaction chamber 1. A heater 3 is formed in the interior of the 
heater unit 18, and the substrate 4 laid on a susceptor 2 at a heater 3 is heated to 
predetermined temperature. The substrates 4 laid on a susceptor 2 are for example, a semi- 
conductor silicon wafer, a glass substrate, etc. 

[0056] The substrate revolution unit 1 2 is formed outside a reaction chamber 1 , with the 
substrate revolution unit 12, the heater unit 18 in a reaction chamber 1 is rotated, and the 
substrate 4 on a susceptor 2 can be rotated now. It is for making it careful [ the material gas 
introduced from the membrane formation feeding unit 9 mentioned later, the inert gas introduced 
from the inert gas supply unit 10, and the radical introduced from the radical generating unit 1 1 ] 
to homogeneity in the field of a substrate 4 to rotate a substrate 4. In the 1 st thin film layer 
formation process which this mentions later, the oxygen radical which is the reactant from which 
this material gas differs in homogeneity can be supplied to the material gas which material gas 
could be made to adhere to homogeneity while it has been unreacted in the field of a substrate 
4, and adhered to homogeneity in the field of a substrate 4, and a rear spring supporter and a 
uniform reaction can be produced in the field of a substrate 4. Therefore, the uniform 1st thin 
film layer can be formed over the inside of a substrate side. Moreover, in the 2nd thin film layer 
formation process mentioned later, impurities which are the specific elements in the film which 
could form the 2nd thin film layer in the substrate side at rear-spring-supporter homogeneity, 
and was formed, such as C and H, are quickly removable to homogeneity in a substrate side. 
[0057] Moreover, the shower head 6 which has many holes 8 is formed above the susceptor 2 in 
a reaction chamber 1. The shower head 6 is divided into membrane formation shower head 
section 6a and radical shower head section 6b by the dashboard 1 5, and can spout gas now in 
the shape of a shower independently from the divided shower head sections 6a and 6b. 
[0058] The membrane formation feeding unit 9 which supplies material gas outside a reaction 
chamber 1, and the inert gas supply unit 10 which supplies the inert gas as non-reactivity gas 
are formed. The membrane formation feeding unit 9 has the liquid feeding unit 91 which supplies 
organic liquid raw materials, such as MO (Metal Organic) as a membrane formation raw material, 
the liquid control-of-flow equipment 92 as a control-of-flow means to control the liquid amount 
of supply of a membrane formation raw material, and the carburetor 93 which evaporates a 
membrane formation raw material. Organic materials, such as Hf^(MMP) 4, are used as a 
membrane formation raw material. The inert gas supply unit 10 has the inert gas supply source 
101 which supplies the inert gas as non-reactivity gas, and the massflow controller 102 as a 
control-of-flow means to control the amount of supply of inert gas. Ar, helium, N2, etc. are used 
as inert gas. It is unified and material gas supply pipe 5b prepared in the membrane formation 
feeding unit 9 and inert gas supply pipe 5a prepared in the inert gas supply unit 10 are opened 
for free passage by the feeding tubing 5 connected to membrane formation shower head section 
6a. In addition, the material gas supply system of this invention is constituted including the 
membrane formation feeding unit 9, material gas supply pipe 5b, feeding tubing, a bulb, etc. 
[0059] The feeding tubing 5 is the 1st thin film layer formation process and the 2nd thin film 
layer formation process which form Hf02 film on a substrate 4, and supplies the mixed gas of 
material gas and inert gas to membrane formation shower head section 6a of the shower head 6. 
It is possible by forming bulbs 21 and 20 in material gas supply pipe 5b and inert gas supply pipe 
5a, respectively, and opening and closing these bulbs 21 and 20 to control supply of the mixed 
gas of material gas and inert gas. 

[0060] Moreover, the radical generating unit 1 1 made to generate a radical is formed outside a 
reaction chamber 1 . The radical generating unit 1 1 is constituted by for example, the remote 
plasma unit. The argon supply unit 50 which supplies an argon (Ar) through a gas supply line 40, 
the oxygen supply unit 60 which supplies oxygen (02), and the CIF3 supply unit 70 which 
supplies chlorine fluoride (CIF3) are connected to the upstream of the radical generating unit 1 1. 
These units 50, 60, and 70 come to have each source 51, 61, and 71 of gas supply, the massflow 
controllers 52, 62, and 72 as a control-of-flow means to control the amount of supply of this 
gas, and the bulbs 53, 63, and 73 that carry out ON/OFF of the flow to the gas supply line 40 of 
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this gas. A control device 25 by performing closing motion control of "each bulbs 53, 63, and 73 
The argon which is gas for plasma production (Ar) f CIF3 used at the cleaning process which 
removes the oxygen 02 used at the time of film formation with the 1st thin film layer formation 
process and impurity clearance with the 2nd thin film layer formation process and the built up 
film formed in the structures other than a substrate can be selectively supplied now to the 
radical generating unit 1 1 . The gas supplied from these gas supply units 50, 60, and 70 is 
activated by the plasma in the radical generating unit 1 1 , and the radical as a reactant is 
generated. 

[0061] The radical supply pipe 13 connected to radical shower head section 6b is formed in the 
downstream of the radical generating unit 1 1 , and the oxygen radical or chlorine fluoride radical 
as a reactant is supplied to radical shower head section 6b of the shower head 6 at the 1 st thin 
film layer formation process, the 2nd thin film layer formation process, or a cleaning process. 
Moreover, it is possible by forming a bulb 24 in the radical supply pipe 1 3, and opening and 
closing a bulb 24 to control supply of a radical. In addition, the reactant supply system of this 
invention is constituted including the argon supply unit 50, the oxygen supply unit 60, the gas 
supply line 40, the radical generating unit 1 1, the radical supply pipe 13, and the bulb 24 grade. 
[0062] The radical generating units 1 1 are the 1st thin film layer formation process, the 2nd thin 
film layer formation process, and a cleaning process, and supply the generated radical in a 
reaction chamber 1 . The radical as a reactant used with the 1 st thin film layer formation process 
and the 2nd thin film layer formation process has a good oxygen radical, when using organic 
materials, such as Hf-(MMP) 4, as a raw material. If this is in the 1 st thin film layer formation 
process, it is for using the membrane formation reaction which forms the film compulsorily by 
supplying an oxygen radical on the substrate 4 to which material gas was made to adhere while it 
has been unreacted. Moreover, if it is in the 2nd thin film layer formation process, it is because 
impurity clearance processing of C, H, etc. can be efficiently carried out immediately after Hf02 
film formation. Moreover, the radical used at the cleaning process which removes the built up 
film formed also in the structures other than a substrate has CIF3 good radical. 
[0063] The separate feed hopper which supplies the material gas supplied to a substrate 4 and 
the radical supplied to a substrate 4, respectively consists of membrane formation shower head 
section 6a and radical shower head section 6b containing the feeding tubing 5 and the radical 
supply pipe 13 grade which were prepared in the reaction chamber 1. The thing containing 
membrane formation shower head section 6a is a material gas feed hopper, and the thing 
containing radical shower head section 6b is a radical feed hopper. However, in one modification 
of this invention, a dashboard 15 is also omissible. In that case, the material gas of Hf-(MMP) 4 
grade and reactants, such as an oxygen radical, will be supplied from the respectively same feed 
hopper. The feed hopper in this case points out the thing containing the shower head 6 whole. 
That is, in the same shower head 6, the above-mentioned material gas feed hopper and a radical 
feed hopper are shared in this case. While being able to make simple the configuration of the part 
which excluded the dashboard 15, and equipment by this, since material gas and a reactant come 
to spout from all the holes 8 in the shower head 6 whole, they can supply these further in the 
field of a substrate 4 at homogeneity, respectively. 

[0064] Exhaust-port 7a which exhausts the inside of a reaction chamber is prepared in a 
reaction chamber 1, and the exhaust-port 7a is connected to the exhaust pipe 7 which is open 
for free passage to the damage elimination equipment which is not illustrated. The raw material 
recovery trap 16 for collecting gas raw materials is installed in an exhaust pipe 7. This raw 
material recovery trap 16 is used for the 1st thin film layer formation process, the 2nd thin film 
layer formation process, and a cleaning process by common use. An exhaust air system consists 
of said exhaust-port 7a and an exhaust pipe 7. 

[0065] Moreover, material gas by-path pipe 14a and radical by-path pipe 14b (these are only 
called by-path pipe 14) which are connected to the raw material recovery trap 16 prepared in 
the exhaust pipe 7 are prepared in material gas supply pipe 5b and the radical supply pipe 13, 
respectively. Bulbs 22 and 23 are formed in material gas by-path pipe 14a and radical by-path 
pipe 14b, respectively. By these, in case material gas is supplied on the substrate 4 in a reaction 
chamber 1, supply of a radical is exhausted through radical by-path pipe 14b and the raw 
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material recovery trap 1 6 so that a reaction chamber 1 may be bypassed without making it stop. 
Moreover, in case a radical is supplied on the substrate 4 in a reaction chamber 1 , supply of 
material gas is exhausted through material gas by-path pipe 1 4a and the raw material recovery 
trap 16 so that a reaction chamber 1 may be bypassed without making it stop. That is, at least, 
during substrate processing, it will not be made to stop and all will always continue passing 
supply of the material gas from the membrane formation feeding unit 9, and supply of the radical 
from the radical generating unit 1 1 . 

[0066] And the control unit 25 which controls closing motion of said bulbs 20-24 etc. is formed. 
A control unit 25 heats a substrate 4, carries out temperature up of the substrate temperature 
at a predetermined rate to membrane formation temperature, and controls a heater to maintain 
temperature-up backward membrane formation temperature. Moreover, if it is in the 1 st thin film 
layer formation process, after supplying so that material gas may be made to adhere from 
membrane formation shower head section 6a to up to a substrate 4 while it has been unreacted 
(to for example, inside of substrate temperature up), it controls by the condition that substrate 
temperature is lower than membrane formation temperature to supply an oxygen radical on a 
substrate 4 from radical shower head section 6b. And it controls to repeat supply of the material 
gas to a substrate 4 top, and supply of an oxygen radical two or more times. Furthermore, if it is 
in the 2nd film formation process, after supplying material gas on a substrate 4 and forming 
membranes from membrane formation shower head section after substrate temperature carries 
out temperature up to membrane formation temperature 6a, it controls to supply an oxygen 
radical to the thin film which formed membranes. And it controls to repeat supply of the material 
gas of substrate top 4, and supply of an oxygen radical two or more times. In the meantime, the 
inside of a reaction chamber 1 is always controlled to exhaust from exhaust-port 7a. 
Furthermore, it controls to supply inert gas (Ar, helium, N2, etc.) between supply of material gas, 
and supply of an oxygen radical. 

[0067] Next, using the substrate processor of a configuration like drawing 9 mentioned above, an 
incubation time is controlled using a different process and, conventionally, the procedure for 
forming Hf02 film is shown. 

[0068] The process flow of the gestalt of the 1st operation is shown in drawing 1 . Before loading 
a reaction chamber 1 with a substrate 4, only a bulb 20 is made open, and only N2 gas which is 
inert gas is passed one to 5 SLM in the reaction chamber 1. Then, inserting a substrate 4 in a 
reaction chamber 1 , laying on a susceptor 2, and rotating a substrate 4 with the substrate 
revolution unit 1 2, in order to supply power to a heater 3 and to carry out homogeneity heating 
of the temperature of a substrate 4 to 350-500 degrees C which is membrane formation 
temperature, substrate temperature up is started (step 201). In addition, although it changes with 
reactivity of the organic material to be used, when using Hf-(MMP) 4, for example, within the 
limits of 390-440 degrees C is good [ membrane formation temperature ]. Moreover, if the time 
of conveyance of a substrate 4 and substrate heating (heating under substrate temperature up 
and membrane formation is included) etc. opens the bulb 20 prepared in inert gas supply pipe 5a 
and always passes inert gas, such as Ar, helium, and N2, when a substrate 4 exists in a reaction 
chamber 1 at least, adhesion in the substrate 4 of a particle metallurgy group contamination can 
be prevented. In addition, it is still more desirable, when the substrates 4 after taking out a 
substrate 4 from the inside of a reaction chamber 1, before carrying in a substrate 4 into a 
reaction chamber 1 further do not exist in a reaction chamber 1 and inert gas is always passed. 
[0069] By the conventional approach, inert gas (N2 etc.) was only supplied on the substrate 4 
into this substrate temperature up. However, in the gestalt of this operation, substrate 
temperature up is started and it goes into the 1 st thin film layer formation process A in the 
condition that substrate temperature is lower than the membrane formation temperature by the 
heat CVD method. That is, control of flow is carried out with liquid control-of-flow equipment 92, 
and the organic liquid raw material supplied from the liquid feeding unit 91 is supplied to a 
carburetor 93, and is made to evaporate at the membrane formation feeding step 202 first in the 
1st thin film layer formation process A. And a bulb 21 is made open into substrate temperature 
up, and the material gas which evaporated Hf-(MMP) 4 as an organic liquid raw material from the 
membrane formation feeding unit 9 is supplied for about 10 seconds by the specified quantity, for 
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example, 0.1 g/min, on a substrate 4. material gas — membrane formation shower head section 
6a — **** — it is supplied in the shape of a shower on the substrate 4 on a susceptor 2 via the 
hole 8 of him and a large number. Then, supply of the material gas to a substrate 4 top is 
suspended by opening closing and a bulb 22 for a bulb 21, and exhausting material gas from by- 
path pipe 14a. The membrane formation feeding which makes material gas adhere on a substrate 
4 by this is completed (step 202). At this step, since substrate temperature is low, the material 
gas which adhered on the substrate 4 does not cause a decomposition reaction. Moreover, the 
bulb 21 prepared in material gas supply pipe 5b is closed after said about 10 seconds, and since 
a reaction chamber 1 is exhausted through material gas by-path pipe 14a so that it may bypass, 
supply of material gas does not stop the material gas to which the bulb 22 prepared in material 
gas by-path pipe 14a is supplied from an aperture and the membrane formation feeding unit 9. 
[0070] During this membrane formation feeding and the next RPO (remote plasma oxidation) 
processing, the bulb 20 prepared in inert gas supply pipe 5a is made as [ open beam ], and 
always passes inert gas, such as N2. 

[0071] RPO processing (step 203) is performed after the membrane formation feeding step 202. 
RPO (remote plasma oxidation) processing is remote plasma oxidation processing which oxidizes 
the film in the oxygen radical ambient atmosphere as a reactant which activated and generated 
oxygen content gas (02, N2 O, NO, etc.) by the plasma here. In RPO processing, control of flow 
of the Ar gas which supplied the bulb 53 of Ar gas supply unit 50 from the aperture and the 
source 50 of Ar gas supply beforehand is carried out with a massflow controller 52, the radical 
generating unit 1 1 is supplied, and Ar plasma is generated. After generating Ar plasma, the radical 
generating unit 1 1 which carries out control of flow of the 02 gas which supplied the bulb 63 of 
02 gas-supply unit 60 from the aperture and source of 02 gas supply 61 source with a massflow 
controller 63, and is made to generate Ar plasma is supplied, and 02 is activated. Thereby, an 
oxygen radical is generated. And a bulb 24 is made open and the oxygen radical as a reactant 
which activated oxygen with the plasma with the radical generating unit 1 1 , and was generated is 
supplied in the shape of a shower for about 1 5 seconds on a substrate 4 through radical shower 
head section 6b which divided with membrane formation shower head section 6a. Then, the 
closing bulb 23 is opened for a bulb 24, and an oxygen radical is exhausted from by-path pipe 
14b so that a reaction chamber 1 may be bypassed. This suspends supply of the oxygen radical 
to a substrate 4 top. By supplying an oxygen radical to material gas [ unreacted having adhered 
on a substrate 4 ], the membrane formation reaction of forming the film compulsorily occurs, and 
Hf02 film used as the 1st thin film layer deposits only a number - 10A only of numbers on a 
substrate 4 (step 203). In addition, the bulb 24 prepared in the radical supply pipe 1 3 is closed 
after said about 1 5 seconds, and since the oxygen radical to which the bulb 23 prepared in 
radical by-path pipe 14b is supplied from an aperture and the radical generating unit 1 1 is 
exhausted through radical by-path pipe 1 4b so that a reaction chamber 1 may be bypassed, 
supply of the oxygen radical from the radical generating unit 1 1 does not stop. 
[0072] At the former, although the thin film was not deposited into substrate temperature up, 
since he is trying to deposit the thin film of the 1st layer into substrate temperature up, with the 
gestalt of this operation, Hf02 film which already becomes the 1st layer will be formed after 
substrate temperature-up completion. Since this will form Hf02 film of the 2nd layer by making 
Hf02 film of the 1st layer into a substrate when material gas is supplied on a substrate 4 after 
substrate temperature-up termination, it is thought that the thin film which the incubation time 
generated by the conventional approach did not occur, could skip the karyogenesis process, 
consequently was excellent in surface smoothness can be formed. 

[0073] It waits after RPO processing of step 203 until a substrate 4 carries out temperature up 
to the predetermined membrane formation temperature of 390-440 degrees C. Heating up times 
are usually 1 minute - 2 minutes and 30 seconds. If allowances are in time amount in the 
meantime and the cycle of the above-mentioned membrane formation feeding step 202 and the 
RPO processing step 203 will be repeated two or more times, since the efficiency of surface 
smoothness will go up, it is desirable. Moreover, it is good to prepare the INTABARUGASU 
supply step which supplies inert gas, such as N2, between the membrane formation feeding step 
202 and the RPO processing step 203. 
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[0074] After the 1st thin film layer formation process, after substrgte* temperature reaches the 
membrane formation temperature by the predetermined heat CVD method, it goes into the 2nd 
thin film layer formation process B. First, by membrane formation processing of step 205, a bulb 
22 is made close, a bulb 21 is made open, and the material gas which evaporated Hf-(MMP) 4 is 
supplied from the membrane formation feeding unit 9 to the substrate 4 in a reaction chamber 1 . 
When it keeps open and inert gas (N2 etc.) is always passed from the inert gas supply unit 10, 
since material gas is diluted and agitated with inert gas, as for a bulb 20, between the time of 
this material gas supply and the next RPO processings (step 206) is good, the material gas 
supplied from material gas supply pipe 5b and the inert gas supplied from inert gas supply pipe 5a 
are mixed with the feeding tubing 5 — having — as mixed gas — membrane formation shower 
head section 6a — **** — it is supplied in the shape of a shower on the substrate 4 on a 
susceptor 2 via the hole 8 of him and a large number. By carrying out predetermined time supply 
of said mixed gas, Hf02 film which is the 2nd thin film layer of predetermined thickness is formed 
on the 1 st thin film layer by the heat CVD method (step 205). After said predetermined time, 
while suspending [ a bulb 21 ] supply of the material gas to a substrate 4 top for the closing bulb 
22 by open Lycium chinense, material gas is exhausted through material gas by-path pipe 14a. 
(In addition, although supply of the material gas to a substrate 4 top stops, supply of the material 
gas from the membrane formation feeding unit 9 does not stop.) 

[0075] The RPO processing (step 206) as refining processing which reforms the film is started 
after membrane formation processing of step 205. After closing a bulb 21, a bulb 24 is opened, 
request time amount supply of the oxygen radical as a reactant which activated oxygen with the 
plasma with the radical generating unit 1 1 , and was obtained is carried out on a substrate 4, 
impurities which are the specific elements mixed into the film, such as -OH and -CH, are 
removed, and RPO processing is ended. In addition, since it is maintained *at predetermined 
temperature (the same temperature as membrane formation temperature) by the heater 3 while 
a substrate 4 rotates, impurities, such as C and H, are quickly removable to homogeneity with 
the 2nd thin film layer formation process B as well as the 1st thin film layer formation process A. 
After said request time amount, while suspending [ a bulb 24 ] supply of the oxygen radical to a 
substrate 4 top for the closing bulb 23 by open Lycium chinense, an oxygen radical is exhausted 
through radical by-path pipe 1 4b. (In addition, although supply of the oxygen radical to a 
substrate 4 top stops, supply of the oxygen radical from the radical generating unit 1 1 does not 
stop.) 

[0076] If the cycle of the membrane formation processing step 205 and the RPO processing step 
206 is repeated two or more times, since the efficiency of impurity clearance will go up also 
here, it is good. The thickness of the 2nd thin film layer at this time is total, and is about 50A, for 
example. The substrate which processing finished is taken out out of equipment (step 207). 
[0077] As mentioned above, with the gestalt of this operation, without supplying material gas and 
an oxygen radical simultaneously unlike the thing of the conventional example which supplies gas 
and a radical simultaneously, in the 1st thin film layer formation process of low temperature 
treatment, it supplies one kind at a time, or one kind is carrying out multiple-times repeat supply 
at a time by turns. This reason is in a temperature condition lower than the membrane formation 
temperature by the heat CVD method, and after it makes material gas adhere while it has been 
unreacted on a substrate, it is because the membrane formation reaction of forming the film 
compulsorily is used by supplying the oxygen radical as a reactant. Moreover, it is also for 
preventing that particle occurs by supplying a reactant high oxygen radical and material gas 
simultaneously. In addition, while supply of the oxygen radical in the 1st thin film layer formation 
process produces a membrane formation reaction compulsorily, the effectiveness prevented as 
much as possible is in the film about an impurity being incorporated. 

[0078] The desirable temperature requirement in the 1st thin film layer formation process A of 
the gestalt of operation is as follows, the 1st thin film layer formation process A — setting — 
substrate temperature — high — if too tepid, material gas will decompose and membranes will 
be formed on a substrate, and it becomes impossible to make material gas adhere, while it has 
been unreacted on a substrate Therefore, it is thought that it is necessary to make substrate 
temperature into the temperature of 390 degrees C or less which is extent which the membrane 
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formation rate by the heat CVD method does not produce at least.,conversely, substrate 
temperature — low — if too tepid, since the adhesion of a thin film and a substrate will worsen 
and it will become easy to separate, the temperature of at least 200 degrees C or more is 
considered to be the need. From the above thing, it is thought that the substrate temperature in 
the 1 st thin film layer formation process is desirable 200 degrees C or more 390 degrees C or 
less. In addition, the conditions of a pressure range etc. are the same as that of the following 2nd 
thin film layer formation process B, and are good. 

[0079] Moreover, when Hf-(MMP) 4 were used for the desirable conditions in the membrane 
formation process in the 2nd thin film layer formation process B as a raw material, as processing 
temperature was mentioned above, 390-440 degrees C and a pressure are about 100Pa or less. 
Moreover, the desirable conditions in RPO down stream processing after a membrane formation 
process are [ 100sccm(s) and the inert gas Ar flow rate of 02 flow rate of the for / 
temperature / processing / about 100-1000Pa and for radical formation in 390-440 degrees C 
and a pressure range ] 1slm(s). In addition, it is desirable to perform a membrane formation 
process and a RPO process at abbreviation same temperature (as for the laying temperature of 
a heater, it is desirable to suppose *hat it is fixed, without changing). By not producing the 
temperature fluctuation in a reaction chamber, this is because it is hard coming to generate the 
particle by the thermal expansion of edge strips, such as a shower plate and a susceptor, and 
elutriation (metal contamination) of the metal from metal components can be controlled. 
[0080] In order to compare with the process flow of the gestalt of the 1 st operation, process- 
flow drawing of the conventional example is shown in drawing 2 . In the conventional example, 
although inert gas (N2 etc.) was only supplied into substrate temperature up to the substrate 
(step 204), into substrate temperature up, the radical as a sink and its retroversion Japan 
Society of Applied Physics is further passed for material gas, and the 1st thin film layer is 
formed in the gestalt of this operation (steps 202 and 203). Therefore, the surface smoothness 
of a CVD thin film can be raised with the gestalt of this operation, without reducing productivity, 
since the substrate heating up time of a process is conventionally used for the step of the 
insulating stratification used as the 1 st thin film layer added newly. 

[0081] Moreover, since the 2nd thin film layer uses for and forms the heat CVD method, unlike 
the film formed by the ALD method, it becomes good [ membraneous quality ]. That is, although 
it forms one atomic layer of film at a time, in order to form membranes at low temperature from 
the beginning to the last, there are many amounts of impurities incorporated in the film, and 
membraneous quality is bad [ processing temperature and the pressure of ALD (Atomic Layer 
Deposition) are low, and ]. With the gestalt of this operation, on the other hand, the 1st thin film 
layer formation process A Although carried out at low temperature rather than the membrane 
formation temperature by the heat CVD method (number - dozens of A/cycle) Since the 2nd 
thin film layer formation process B is made to carry out multiple-times formation of the thin film 
(about 10-15A) using a heat CVD reaction with processing temperature and a pressure higher 
than ALD, it is more precise than ALD and the good film of membraneous quality is obtained. 
[0082] Moreover, since impurities, such as hydrogen in the film (H) and carbon (C), can be 
removed effectively and the concentration can be reduced by RPO processing (step 206) 
performed as refining processing after membrane formation processing (step 205), an electrical 
property can be raised. Moreover, by balking of hydrogen (H), migration of Hf atom can be 
controlled, crystallization can be prevented and an electrical property can be raised. Moreover, 
membranous oxidation can also be promoted and the oxygen defect in the film can be repaired 
further. Moreover, the balking gas from the built up film deposited on parts other than 
substrates, such as a reaction chamber wall and a susceptor, can be reduced quickly, and 
thickness control with high repeatability becomes possible. 

[0083] In addition, with the gestalt of operation, although RPO processing was performed as 
refining processing at step 206, this invention is not limited to this. As an alternative of RPO 
processing (the following **), there is the following, for example (following **-**). 
** To inert gas, such as RPO processing **Ar performed by making inert gas, such as Ar, mix 
02 To inert gas, such as RPN (Remote Plasma Nitridation) processing **Ar performed by mixing 
N2 To inert gas, such as RPNH (Remote Plasma Nitridation Hydrogenation) processing **Ar 
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performed by mixing N2 and H2 To inert gas, such as RPH (Remote Plasma Hydrogenation) 
processing **Ar performed by mixing H2 To inert gas, such as RPOH (Remote PlasmaOxidation 
Hydrogenation) processing **Ar performed by mixing H20 To inert gas, such as RPOH 
processing **Ar performed by mixing 02 and H2 RPON processing performed by making inert 
gas. such as RPON (Remote PlasmaOxidation Nitridation) processing **Ar performed by mixing 
N20, mix N2 and 02 [0084] Moreover, in the 2nd thin film layer formation process B, the 
impurity clearance effectiveness in the film can be raised like previous statement by repeating 
the cycle of the membrane formation processing step 205 and the RPO processing step 206 two 
or more times. Moreover, the film can be maintained in the amorphous condition and leakage 
current can be reduced as a result. Moreover, the surface smoothness on the front face of the 
film can be improved, and thickness homogeneity can be raised. In addition, eburnation of the film 
can also be carried out and precise control of the rate of sedimentation also becomes possible 
(maximization of the defective remedy effectiveness). Furthermore, the volume phase which is 
formed in the substrate of membrane formation and the interface of the film to deposit and 
which is not desirable can be made thin. 

[0085] Moreover, when repeating the cycle of the membrane formation processing step 205 and 
the RPO processing step 206 two or more times, as for the thickness per 1 cycle, it is desirable 
to consider as 0.5A - 30A (1 / six to 10 atomic layer). Especially, the reduction effectiveness of 
the amount of impurities in Hf02 film, such as CH and OH, becomes very large with 7 cycle 
extent, and it is thought more that the increase of the number of cycles and the thickness per 
[ since change is lost so much although the reduction effectiveness of the amount of impurities 
becomes good a little even if it carries out ] 1 cycle have more desirable about (pentatomic 
layer) 15A. If 30A or more is deposited in 1 cycle, the impurities in the film will increase in 
number, and it will crystallize immediately, and will be in a polycrystal condition. Since a 
polycrystal condition is in a condition without a clearance, it is hard coming to remove C, H, etc. 
However, when the thickness formed of 1 cycle is thinner than 30A, even if it is hard coming to 
make crystallization structure and there is an impurity, a thin film can be maintained in the 
amorphous condition. An amorphous condition is that with many (SUKASUKA condition) 
clearances, it maintains an amorphous condition, deposits a thin film, and before a thin film 
crystallizes, it becomes easy to remove impurities, such as C in the film, and H, by performing 
RPO processing. Namely, the film which made thickness per 1 cycle 0.5A - about 30A, and was 
obtained by cycle processing of multiple times will be in the condition of being hard to crystallize. 
In addition, there is a merit that leakage current cannot flow easily rather than a polycrystal 
condition in the amorphous condition. 

[0086] Drawing 3 shows n cycle repeat ****** timing chart for the 1st thin film layer formation 
process [material gas supply -> oxygen radical supply] in the temperature up of the gestalt 
process of the 1st operation mentioned above, (a) shows a substrate temperature-up property, 
an axis of abscissa shows time amount and an axis of ordinate shows temperature, (b) shows Hf- 
(MMP) 4 material-gas supply timing, (c) shows oxygen radical supply timing, respectively, an axis 
of abscissa shows time amount and the axis of ordinate shows the amount of supply (arbitration 
unit). With the gestalt of this operation, the cycle which passes inert gas N2 for an oxygen 
radical 02 as an INTABARUGASU supply step the sink during 1 5 seconds and after that for 5 
seconds after [ by the time substrate temperature carries out temperature up to 390 degrees 
C, ] passing Hf-(MMP) 4 gas for 10 seconds and passing inert gas N2 for 5 seconds as an 
INTABARUGASU supply step is repeated n times. When substrate temperature amounts to 440 
degrees C which is membrane formation temperature, it is m cycle ******** about the 2nd thin 
film layer formation process [material gas supply -> oxygen radical supply]. In addition, it is 
desirable that the 2nd thin film layer formation process as well as the 1st thin film layer 
formation process is made to perform an INTABARUGASU supply step between supply of 
material gas and supply of an oxygen radical. Moreover, since it is continuing passing inert gas 
N2 through all processes, in the condition which suspended both supply of the material gas into a 
reaction chamber, and supply of an oxygen radical, then a reaction chamber, only N2 which is 
inert gas automatically will flow, and it becomes an INTABARUGASU supply step automatically. 
[0087] Drawing 5 is drawing showing the surface smoothness of the thin film formed with the 1st 
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thin film layer formation process by the gestalt process of operation. The number of cycles in 
substrate temperature up is shown on an axis of abscissa, and surface smoothness (arbitration 
unit) is shown on the axis of ordinate. What is conventionally depended on a process 
corresponds, when the number of cycles is zero. It turns out that the surface smoothness of a 
thin film is improved as the number of cycles in substrate temperature up increases, although it 
will be reaching the ceiling mostly according to this, if the number of cycles becomes two or 
more. Therefore, the dependability of the semiconductor device which is a final product can be 
raised, and it can respond also to a device size cutback effectively. 

[0088] By the way, trying to repeat supply of material gas and supply of an oxygen radical two or 
more times with the 1 st thin film layer formation process A is based on the following reason. As 
shown in drawin g 6 , when the supply -> oxygen radical of material gas is supplied only once to a 
substrate 4, the part in which the film is not formed selectively may be generated. In that case, 
by repeating supply of the supply -> oxygen radical of material gas two or more times, the part in 
which the film was not formed can be restored and filled and the flat 1 st thin film layer can be 
formed, therefore, the rate of sedimentation of a thin film — surface reaction — MOCVD in the 
case of it being rate-limiting and being decided — also in law, an incubation time can be 
shortened and surface smoothness is obtained on the film front face of the thin film to deposit. 
[0089] Moreover, supplying non-reactivity gas between supply of material gas and supply of an 
oxygen radical with the 1st thin film layer formation process or/and the 2nd thin film layer 
formation process is based on a (INTABARUGASU supply process) and the following reason. 
After material gas supply, if non-reactivity gas (inert gas, such as N2, Ar, and helium) is supplied 
before supplying an oxygen radical, the amount of adsorption of the material gas to a substrate 
top will become homogeneity by supply of inert gas. Moreover, the material gas in the ambient 
atmosphere in the reaction chamber at the time of supplying an oxygen radical after material gas 
supply can be removed, material gas and an oxygen radical can be prevented from existing 
simultaneously in a reaction chamber, and generating of particle can be prevented. Moreover, if 
non-reactivity gas is supplied between supply of material gas, and supply of an oxygen radical 
when repeating supply of material gas, and supply of an oxygen radical two or more times by 
turns, while the amount of adsorption of material gas will become homogeneity While the material 
gas in the ambient atmosphere at the time of supplying an oxygen radical after material gas 
supply is removable, the oxygen radical in the ambient atmosphere at the time of supplying 
material gas after oxygen radical supply can be removed, and material gas and an oxygen radical 
can be prevented from existing simultaneously in a reaction chamber. Consequently, generating 
of particle can be prevented. 

[0090] Moreover, it twists the shower head 6 to the following reason that a batch is in membrane 
formation shower head section 6a and radical shower head section 6b. A reaction of the raw 
material and oxygen radical which are sticking to the interior of the shower head 6 forms a built 
up film also in the interior of the shower head 6. By dividing the shower head 6 with which 
material gas and an oxygen radical are supplied, it can prevent effectively that a raw material and 
an oxygen radical react, and formation of a built up film can be controlled. 

[0091] moreover, the thing for which the shower head 6 is divided — in addition, when passing 
inert gas to radical shower head section 6b and passing a sink and an oxygen radical to a 
substrate 4 from the inert gas supply unit which is not illustrated when passing material gas to a 
substrate 4 further, it is good to pass inert gas from the inert gas supply unit 10 to membrane 
formation shower head section 6a. In addition, as for the inert gas supply unit which supplies 
inert gas to radical shower head section 6b, and the inert gas supply unit which supplies inert 
gas to membrane formation shower head section 6a, considering as common use is desirable. 
Thus, if inert gas is passed in the shower head sections 6b and 6a of the side which is not used 
at the process which supplies material gas, and the process which supplies an oxygen radical, 
respectively, the built up film formation to the shower head 6 interior can be controlled still more 
effectively. 

[0092] In addition, as mentioned above, the material gas of Hf-(MMP) 4 grade and reactants, 
such as an oxygen radical, can also be supplied from the respectively same feed hopper by 
omitting a dashboard 15 etc. In that case, this feed hopper (source of particle), i.e., the foreign 
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matter adhering to the interior of the shower head 6, can be coated with Hf02 film. Thereby, it 
can prevent that this foreign matter results on a substrate 4 with the flow of reactants, such as 
material gas of Hf-(MMP) 4 grade, or an oxygen radical. Especially with the equipment shown in 
drawin g 9 , since material gas and a reactant are supplied on a substrate 4 by the downflow, it 
can prevent certainly this foreign matter getting down on a substrate 4, and falling during 
processing. Moreover, when a reaction chamber 1 is cleaned by cleaning gas (for example, gas 
containing CI of CIF3 grade), foreign matters and cleaning gas, such as a by-product which is 
sticking to the inside of a reaction chamber 1 or the interior of the shower head 6, can be 
removed certainly, without leaving residue. Moreover, the film by which coating was carried out 
to the interior of the shower head is exposed to a reactant after coating, and can reduce 
substantially the amount of mixing of impurities, such as C and H f contained in the coating film 
inside the shower head by this. 

[0093] In addition, at the cleaning process which removes the built up film formed in the 
structures other than a substrate, control of flow of the Ar gas which supplied the bulb 53 of Ar 
gas supply unit 50 from the aperture and the source 50 of Ar gas supply beforehand is carried 
out with a massflow controller 52, the radical generating unit 1 1 is supplied, and Ar plasma is 
generated. After generating Ar plasma, the radical generating unit 1 1 which carries out control of 
flow of the CIF3 gas which supplied the bulb 73 of the CIF3 gas-supply unit 70 from the aperture 
and source of CIF3 gas supply 71 source with a massflow controller 73, and is made to generate 
Ar plasma is supplied, and CIF3 is activated. Thereby, CIF3 radical is generated. And a bulb 24 is 
made open and CIF3 radical which activated CIF3 with the plasma with the radical generating 
unit 1 1, and was generated is supplied in the shape of a shower into a reaction chamber 1 via the 
shower head 6. 

[0094] Moreover, not stopping material gas, the oxygen radical used at degree process during 
supply to the reaction chamber of an oxygen radical, and material gas, but trying to exhaust from 
a by-path pipe 14 is based on the following reason. Generation of the oxygen radical in 
stabilization of the material gas which the liquid raw material in a carburetor 93 evaporated and 
evaporated, and the radical generating unit 1 1, stabilization, etc. need to be prepared for supply 
of material gas and an oxygen radical, and all require time amount by supply initiation. Therefore, 
during processing, supply of material gas and an oxygen radical is exhausted from a by-path pipe 
14, when always continuing supplying and not using it, without stopping. Only by. this switching 
bulbs 21-24 at the time of an activity, supply to the reaction chamber of material gas and an 
oxygen radical can be started promptly, and a throughput can be raised. 

[0095] Moreover, while the substrate processor is working, in a reaction chamber 1 , it is good to 
always supply inert gas (N2, Ar, helium, etc.). It is more specifically than the aperture inert gas 
supply unit 10 made to carry out the firm gas of the inert gas for a bulb 20 into a reaction 
chamber 1 from before substrate conveyance. Passing inert gas also at the time of oxygen 
radical supply at the time of material gas supply at the time of substrate temperature up at the 
time of substrate conveyance is always continued as well as the time of heating after substrate 
temperature up. Thereby, the inside of a reaction chamber can always be made into the purge 
condition by inert gas, and the back-diffusion of gas to the reaction chamber of the material gas 
adhering to adhesion in the substrate of a particle metallurgy group pollutant, exhaust-port 7a, or 
an exhaust pipe 7 and the back-diffusion of gas into the reaction chamber of the oil from the 
vacuum pump which is not illustrated can be prevented. 

[0096] Moreover, passing inert gas with the gestalt of operation also at the time of material gas 
supply and oxygen radical supply is being continued as mentioned above. Thereby, material gas 
and an oxygen radical can be agitated in a reaction chamber 1. Moreover, since inert gas is 
always passed, if it is the condition of having stopped supply to the reaction chamber 1 of 
material gas and an oxygen radical, it can carry out to the condition, i.e., N2 purge condition, that 
inert gas was automatically supplied to the substrate 4. Therefore, there is also an advantage 
that the INTABARUGASU supply process mentioned above can be performed easily. 
[0097] Moreover, in the 1st thin film layer formation process, performing supply (step 202) of a 
raw material and supply (step 203) of a reactant in this order is based on the following reason 
using what contains an oxygen atom as a reactant. That is, although the reactant (oxygen radical 
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which was activated by the plasma and generated oxygen gas here) containing an oxygen atom 
functions also as an oxidizer, if the case where processing is advanced in order of oxidizer 
adhesion -> feeding is assumed, since this oxidizer will adhere to a substrate substrate directly, 
in a substrate front face, oxidation reaction will advance gradually. Consequently, the problem 
that a layer with the dielectric constant of Si02 grade low as a volume phase becomes is easy 
to be formed occurs. In addition, this oxidation reaction tends to become large, so that substrate 
temperature becomes high. Then, by performing (step 202) and RPO processing (step 203) like 
this invention, after adhering Hf-(MMP) 4 on a substrate An oxygen radical and Ar radical are 
supplied to a substrate front face by this PRO processing, and since the substrate front face is 
covered by Hf-(MMP) 4 when decomposing and oxidizing Hf-(MMP) 4, it is hard coming to 
generate the direct oxidation reaction to a substrate (for example, Si). And even if it makes Hf- 
(MMP) 4 adhere in the inside of temperature up of 300 degrees C or less, i.e., substrate 
temperature, the oxidation reaction on the front face of a substrate cannot advance easily. This 
is because an oxidizer (oxygen kind) required in order to oxidize a substrate does not exist, when 
making Hf-(MMP) 4 adhere. Moreover, a volume phase tends to become Hf silicate with a big 
dielectric constant from Si02 a little. Therefore, according to this invention, when advancing 
processing in order of oxidizer adhesion -> feeding as mentioned above, the effectiveness which 
can make thin EOT (effective thickness) of the low dielectric constant film is acquired. 
[0098] In addition, the autolysis of the membrane formation raw material in the 1st thin film layer 
formation process in a process and the 2nd thin film layer formation process of a gestalt of this 
operation, a half-autolysis, and the mechanism of membrane formation by adsorption are as 
follows. If it is in the condition that substrate temperature is lower than predetermined critical 
temperature, the adsorption reaction of a membrane formation raw material will become main, 
and if it is in the condition that substrate temperature is higher than it, the autolysis reaction of 
a membrane formation raw material will serve as Maine. Like the gestalt of this operation, when 
using Hf-(MMP) 4 as a membrane formation raw material, it is thought that critical temperature 
is about 300 degrees C. that is, when a membrane formation raw material is supplied to the 
substrate 4 which does not yet amount to 300 degrees C at step 202 in the 1 st thin film layer 
formation process A performed into substrate temperature up The adsorption reaction of this 
membrane formation raw material occurs in Maine, and in the 2nd thin film layer formation 
process B performed on the other hand after substrate temperature carries out temperature up 
to 390-440 degrees C, when a membrane formation raw material is supplied to a substrate 4 at 
step 205, the autolysis reaction of this membrane formation raw material occurs in Maine. The 
reaction formula in the case of making it oxidize, after making Hf-(MMP) 4 adsorb is as follows. 
Hf [OC(CH3)2CH20CH3] The reaction formula of 4+2402->Hf02+16C02+22H20 and the 
autolysis reaction of Hf-(MMP) 4 is as follows. 

Hf[0C(CH3)2CH20CH3]4 -> — Hf (OH) — 4+4 C (CH3), 2 CH, also in 2Hf(OH) 4 ->Hf02+2H20, 
however which temperature zone, the adsorption reaction of a membrane formation raw material 
is not lost at all, and the autolysis reactions and adsorption reactions of a membrane formation 
raw material overlap at all CVD reactions 2 OCH (half-autolysis reaction). That is, also with the 
2nd thin film layer formation process of the gestalt of this operation, although the autolysis 
reaction of a membrane formation raw material is active, the autolysis reaction and the 
adsorption reaction have overlapped and arisen. In addition, the experimental result that the 
direction which made the autolysis reaction Maine can lessen an impurity more is obtained by 
artificers. 

[0099] [Gestalt of the 2nd operation] Although the 1 st thin film layer was formed into 
temperature up, you may make it, form the 1st thin film layer in addition, to the process timing of 
drawing 3 by the gestalt of the 1st operation mentioned above, not the inside of temperature up 
but where predetermined low temperature (200 degrees C or more 390 degrees C or less) is 
maintained. Drawin g 4 is in the condition which maintained such low temperature, and shows the 
timing chart of the gestalt process of operation of the 1st thin film layer formation process 
[material gas supply -> oxygen radical supply] of n cycle repeat ****** 2nd. (a) shows a 
substrate temperature-up property, an axis of abscissa shows time amount and an axis of 
ordinate shows temperature, (b) shows Hf-(MMP) 4 material-gas supply timing, (c) shows oxygen 
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radical supply timing, respectively, an axis of abscissa shows time amount and the axis of 
ordinate shows the amount of supply (arbitration unit). 

[0100] With the gestalt of the 2nd operation, temperature up of the substrate is not carried out 
at a stretch to 440 degrees C of membrane formation temperature, but temperature up is 
stopped in the middle of temperature up, the temperature at that time is maintained, and the 
process whose laying temperature is two steps of carrying out temperature up to the epigenesis 
film temperature is adopted. The 1 st laying temperature is made into 200-390 degrees C 
whenever [1st thin film layer type Nariatsu ], and the 2nd laying temperature is made into the 
membrane formation temperature of 440 degrees C. The cycle which passes inert gas N2 for the 
oxygen radical 02 as a reactant as an INTABARUGASU supply step a sink and after that for 15 
seconds for 5 seconds after [ where the 1st laying temperature is maintained, ] passing Hf- 
(MMP) 4 gas for 10 seconds and passing inert gas N2 for 5 seconds as an INTABARUGASU 
supply step is repeated n times. Then, when temperature up of the substrate is carried out again 
and substrate temperature amounts to 440 degrees C which is membrane formation 
temperature, it is m cycle ******** about the 2nd thin film layer formation process [material gas 
supply -> oxygen radical supply]. In- addition, it is desirable that the 2nd thin film layer formation 
process as well as the 1st thin film layer formation process is made to perform an 
INTABARUGASU supply step between supply of material gas and supply of the oxygen radical as 
a reactant. Moreover, since it is continuing passing inert gas N2 through all processes, in the 
condition which suspended both supply of the material gas into a reaction chamber, and supply 
of an oxygen radical, then a reaction chamber, only N2 which is inert gas automatically will flow, 
and it becomes an INTABARUGASU supply step automatically. 

[0101] In the case of the gestalt of this 2nd operation, productivity will be inferior to the gestalt 
of the 1st operation only in the part of the 1st step, but By raising a temperature-up rate, still 
The heating up time to whenever [ 1 st thin film layer type Nariatsu ] (200-390 degrees C), The 
surface smoothness of a CVD thin film can be raised without reducing productivity so much, if 
the 1st thin film stratification time amount and the sum total time amount of the heating up time 
to whenever [ 2nd thin film layer type Nariatsu ] (440 degrees C) are brought close to the 
substrate heating up time of a process conventionally. 

[0102] Moreover/with the gestalt of operation, since the 1st thin film layer is generated in the 
condition that substrate temperature is lower than the membrane formation temperature by the 
heat CVD method, the bonding strength of a substrate 4 and the film may become weak, and 
adhesion may worsen. In such a case, it is good to prepare the hydrogen supply unit which 
supplies hydrogen (H2) gas to the upstream of the radical generating unit 1 1 through a gas 
supply line 40, and to supply the hydrogen radical which activated hydrogen (H2) gas with the 
plasma with the radical generating unit 1 1 , and was generated immediately after substrate loading 
on a substrate 4 (RPH (Remote Plasma Hydrogenation) processing). In a front face's being 
defecated by the hydrogen radical and losing a pollutant, the condition that termination of the 
substrate front face was carried out from hydrogen is made, and adhesion with the film 
deposited on a degree goes up. Therefore, after supplying a hydrogen radical to a substrate and 
performing surface treatment of a substrate after substrate loading, by performing membrane 
formation feeding (step 202) and RPO processing (step 203), the bonding strength of the film and 
a substrate 4 can increase and adhesion can be raised, if, as for the improvement in adhesion, 
hydrogen intervenes [ the film and a substrate 4 ] at the time of association on atomic level — 
the condition, i.e., the condition that substrate temperature is low, that energy is comparatively 
small — association — generating — provoking — it is considered a sake. 
[0103] [Gestalt of the 3rd operation] Drawin g 1 1 shows the process flow by the gestalt of the 
3rd operation. The process which makes material gas adhere to up to a substrate with the 
gestalt of this operation like a graphic display in between [ after loading a reaction chamber with 
a substrate (step 201) until it takes out this substrate from a reaction chamber (step 207) ] 
(step 202), Membranes are formed by repeating the process (step 203) which forms the film 
(Hf02 film) two or more times in this order by supplying on a substrate the reactant which 
activates the gas containing an oxygen atom by the plasma, and is obtained, that is, the ** which 
does not perform the 2nd thin film layer formation process with the gestalt of this operation — 
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from the beginning up to the last — [membrane formation feeding (step 202) ->RPO processing 
(step 203)] — n cycle ******** — membranes are formed by things. Here, the effectiveness 
that EOT (effective thickness) of the low dielectric constant film can be made thin as mentioned 
above is acquired by performing membrane formation feeding (step 202) and RPO processing 
(step 203) in this order. 

[0104] In this case, it is desirable to perform the purge by inert gas (non-reactivity gas) between 
membrane formation feeding (step 202) and RPO processing (step 203). Furthermore, it is 
desirable to perform the purge by inert gas also between RPO processing (step 203) and the 
membrane formation feeding (step 202) of degree cycle. Since material gas and a reactant can 
be prevented from existing simultaneously in the ambient atmosphere in a reaction chamber 
while the amount of adsorption of the material gas to a substrate top will become homogeneity, if 
it does in this way, generating of particle can be prevented. 

[0105] As an example, substrate temperature was set as 250-300 degrees C, the pressure in a 
reaction chamber was set as 50-300Pa. Hf-(MMP) 4 flow rate was set as 0.01 - 0.2 g/min, and 
80 cycle ********** and Hf02 film was formed for this by making [a membrane formation 
feeding (step 202) -> inert gas purge ->RPO processing (step 203) -> inert gas purge] into 1 
cycle. Here, time amount of 1 cycle was made into 40 seconds. The breakdown for 40 seconds is 
inert gas purge time amount:5 seconds for RPO processing-time (step 203):20 seconds for inert 
gas purge time amount:5 seconds for feeding time amount (step 202):10 seconds to a substrate. 
Consequently, Hf02 film formed in per 1 cycle was about 0.6A/a cycle, and when 80 cycles of 
this were carried out, total thickness was about 5nm. Moreover, the volume phase (low dielectric 
constant layer) of Hf02 film formed in this process is in Hf silicate condition, and is conjectured 
that that thickness is about 0.6nm. This guess value can be easily presumed from electrical 
characteristics. In addition, in order to form Hf02 film also in this case in the condition that 
substrate temperature is lower than the membrane formation temperature by the heat CVD 
method, before the bonding strength of a substrate 4 and Hf02 film becoming weak, and 
adhesion's worsening and performing [a membrane formation feeding (step 202) -> inert gas 
purge ->RPO processing (step 203) -> inert gas purge] after substrate loading also in this case, 
it is desirable to perform RPH processing. 

[0106] In addition, although oxygen 02 was used for generating an oxygen radical with the gestalt 
of each operation mentioned above, oxygen content gas, such as N20, and NO, 03, can be used 
in addition to 02. After being activated with the radical generating unit 1 1 like [ NO ] 02 as N20 
and generating an oxygen radical, a reaction chamber 1 is supplied. However, a reaction chamber 
1 may be supplied as it is, without being activated about N20 and 03. This is because an oxygen 
radical is generated by heat in a reaction chamber 1 after supply although supplied without 
making it activated, so the oxygen radical will be substantially supplied to the substrate. 
Therefore, it is contained also when supplying as it is, without activating [ ****** ] N20 and 03 
when supplying the oxygen radical of this invention on a substrate. 

[0107] Moreover, although the gestalt of operation mentioned above explained the case where 
Hf02 film of an amorphous condition was formed, this invention can be widely applied, when 
forming the film containing Hf(s), such as amorphous Hf silicate film. Furthermore, this invention 
is applicable not only to the film but the formation containing Hf(s), such as Hf02 film, of other 
metal oxide films, such as 20Ta5 film and Zr02 film. It is film other than the film containing Hf, 
and the film of following (1) - (8) is mentioned as film which can be formed with the application 
of this invention, for example. 

(1) TaO film using PET (Ta (OC2H5)5) (tantalum oxide film) 

(2) ZrO film using Zr-(MMP) 4 (zirconium dioxide film) 

(3) AIO film using aluminum-(MMP) 3 (aluminum-oxide film) 

(4) Zr-(MMP) 4 and Si-(MMP) 4 The used ZrSiO film The ZrSiON film (Oxidation Zr silicate film) 
(Acid nitriding Zr silicate film) (5) Zr-(MMP) 4, TiO film (titanium oxide film) (7) Ti-(MMP) 4 using 
the ZrAlO film using aluminurrKMMP) 3, or ZrAION film (6) Ti-(MMP) 4, and Si-(MMP) 4 TiAlO 
using used TiSiO, TiSiON film (8) TKMMP) 4, and aluminum-(MMP) 3, TiAION film [0108] 
Moreover, you may be what was not limited to a silicon substrate but attached Si02 film thinly 
on the surface of the silicon substrate as a substrate of membrane formation, the thing which 
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attached Si3N4 film to the front face of a silicon substrate thinly. , 
[0109] 

[Effect of the Invention] According to this invention, the surface smoothness of a thin film can 
be improved, without generating particle. Moreover, according to this invention, the surface 
smoothness of a thin film can be improved, without reducing productivity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is process-flow drawing by the gestalt of the 1 st operation. 
[ Drawing 2] It is flow drawing of the process by the conventional example. 

[Drawing 3] It is drawing showing the relation of the substrate temperature and the gas cycle by 
the gestalt of the 1 st operation. 

[ Drawin g 4] It is drawing showing the relation of the substrate temperature and the gas cycle by 
the gestalt of the 2nd operation. 

[ Drawing 5] It is drawing showing the number of cycles under substrate temperature-up heating 
by the gestalt of operation, and the relation of surface smoothness. 

[ Drawing 6] It is the explanatory view of the 1 st thin film layer formation process by the gestalt 
of operation. 

[Drawing 7] It is the conceptual explanatory view of the surface smoothness of the thin film 
formed on a common substrate. 

[ Drawin g 8] It is the conceptual explanatory view of a general karyogenesis process. 

[ Drawin g 9] It is the outline explanatory view of the reaction chamber by the gestalt of operation. 

[Drawing 10] It is the conceptual explanatory view of the CVD reaction chamber of the 
conventional example. 

[ Drawing 1 1] It is process-flow drawing by the gestalt of the 3rd operation. 
[Description of Notations] 

I Reaction Chamber 

3 Heater 

4 Substrate 

5 Feeding Tubing 

6 Shower Head (Feed Hopper) 

6a Membrane formation shower head section (material gas feed hopper) 
6b Radical shower head section (radical feed hopper) 
7a Exhaust port 

9 Membrane Formation Feeding Unit 

10 Inert Gas Supply Unit 

I I Radical Generating Unit 

25 Control Unit (Control Means) 
20-24 Bulb 
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[ Drawing 1 1 ] 
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4«5&^A<sg^tt^ 0 ctuccfcy, s*s<tm i ^B<tco 

[O031] mi eOimWl*. llfiigg^C VD;^fC 
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-?z^tiz£ y, iKOSi@^tiiiii@}& 

Bff2R£Xg<t£?TL. BnEm2^@J^fiJcXg(^ f&C 
VD&fC<fcy^£BJ5rr*XfS<t. ^fiScLfc^mfc^t 

LT£j£&£<ft*^f *xfg£, ^§tisi^ys-rc<t ^ 
««^-r*^*(*»is<D«3ft*afe^&4. mi»Ke«5 
ricxfg-eis. mt5L&&t<f$.m&&j: y tigt^sgr*. * 

<t (*fifc*Kic&£eu£ir * C £ fc<fc y 3£fc)B*jlc 
^^fcffitt^mi^@^^fi£r'^^o $fc!2 

T*c£rc<fcy. 1 @(7)^ysL^»c^s$^*fcjgA 

[ 0 0 3 2 ] m 1 7 <D^B^(*. |£ 1 6 0*9)1:: ft LvC . 

nJisam i ^sj^^xg-er*. m±:^<oj^*4^xcd^ 
^ <t sit^cD^ ^ y st c <t ^ i$fi& ^ r z> 

co^^^^^[Ei^ysr^<h^<fcy. j%ftrt*<Dmi& 

COO 3 3] mi8C0$gB£|^ S^^i^CVD;4fC 
it LTl9^*t<&SlSttS««-h^tft-r * C t fcj: y . 

m i (D^@£ff2firr *mi ^i@ff^ist, 

fc.fc ymi »ffiB±lcK5 2<D*IHBSJKia-r*m2?*e 

40 it^^r-^^o mi ^ygf&ritxig-C'ii. s^s^A<fijc 
±f=tt3rc#*. -tco^. JKc&^^^-r^c^^.ty 

sti2iiigBi5)tiitii, TOiir^ffinfcm i 5*k 
B_tfzm2^^B^ff$RJc-r<bcor'. ^Js^ersiJiL/c^ 

mZJtmv$Z> 0 L^t. m2?3|^B^^C VD;5(c^ 
yff^R£T^)C0r% ALD;4fC<fcyffJfiJfr**i^(Clt-<T 

50 BL&u&ntmzti*. &tz. ixfcmz. mmffa^zs 
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±iz&t&?zm& tr z> ^ t iz*. y % ^<Dfriz&iz^-D 
[0034] mi commit, mma^m^^nm 
mt l r & * tiz scs to & m& Ji ^mtz? * c t iz <t 

y. &&mz£vmiK&mi$mzmit2*i2thT^3i^ 

££(*«:l\, S£oT, JiSE^Xfl y^f*i3- 

co 03 5] ^20^11 mttzmmTzokm^ 

[0 0 3 6] f2 1(D^lt £«a&fi<j£B£;a£<J: y 

rc£ u x 1 (oiSB £ »mt-r * 1 1 iisif^xg «t % 
»jfie-r *i 2 »K«»«xe t $^t?c * 4 

CO O 3 7] 12 2(0*911** 12 1 (D$BWc*5lvC\ 

« 1 »E»<0j&j«i*. m2»KS£jfcj«**fcAicfiiC* 

CO 0 3 8] 12 3<DSBEI*. g2 1 Xtel2 2<D§£W 
I=*51VC, Si ^fgJtffiJcXfgT'l*. SfiLt'MDlSfl*" 

c o o 3 9 ] 124 commit, i 2 1 ~i 2 3 ©awe 
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coo4o] i2 5(o^it &*££*&ii-r*S!E^ 
»lt, sttEafiEAWJHsa-kytist^as-ejgft 

10 T*f?.;g8L Kifca*<DS«J:fcIB«#X$ttt&LT»2 
[004 1] EM1S*£*BLfc<D&&mtRlz.ttmZittz 

w^«£*nr*c tremor* flflei2 kt)^^<d^^ 

20 iUS^r^cfe^Mffli-rSWW^SSfllil^xf*. 12 2 

y«r«fc^«iwr*«ffli^s$«^.*Li#. ^230)^ 
^^ift-r^cfc^ttwr^ttw^Rii^WiLtL^ 124 

C O O 4 2 ] 12 6 1 2 1 ~1 2 5 <D5£ 

30 *si^t. n mmmoi&r£mz&wi±tz*.m = 7Z>ti)i,& 

CO O 4 3] 12 7<D3£B£|£ % 12 1 ~1 2 5<D3£&lZ 

CO O 4 4] 12 8<D*W** 12 1 ~l2 5 0)369! fc 
J51>T, S8*'XI*H f [OC (CH 3 ) 2 CH 2 OC 

h 3 ] 4 ^snbLfc*"x-eifey. ff^^-r^^tiH f o 2 

tg-T^i^ H f [OC (CH 3 ) 2 CH 2 OCH 3 ] 
[0045] l2 9CD^B^|i, 12 8CD^B^|C^St^r. 

1 1 »nBa>»j£xs-ea>fifEasa 2 o o°cia_t 3 9 

[0046] 13 OO^B^Ii, 12 1 -12 SCO^B^fc 

50 JSlvc, g2SM0)^filt(t {SUKS^fiJc-r^fiKKXS 
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-?z>xoizi.xi^z><nx. fg2 5sm@cDf&fi£xi§i::fcu 

[0 0 4 7] g3 1<D$B0J(** !£2 1 ~!£2 SCD&EBf:; 

fctNr. m2^@(0f^^xsii. ^^^^cf^fiJt^ 

Xf§££*TU CtL^OXg^^ilEl^yS^-^^fc^ 

r*xg££«aig»yfi-r<B-e* mjzom&zm?* 
»kb£»j«t?€" mzmmm<Dr*&Lx.mzti 

*S £1**0*- * a t i><X 2 * o 

[O O 4 8] g3 2 0)fS$J/;:£>l^-r; > 12 1 -12 5(7) 

¥i§t±. ?<biC(*^(7)Ji/Cff^$^^m2^@<7)^ 
[O O 4 9] 13 3<0&m&. 12 1 ~I2 SCO^^fC 

[O O 5 O] ^3 4CD3SW*. ^2 1 ~J£2 5 (D^B^fC 

[005 1] !£3 5{7)3gB£(* v S&2 4<DSBWc*3lvC* 

□ «fcys*»ttt*fx*ttiSL. sfiJbr=M?^ju« 

[0052] m3 6CD^B^(i s ft 2 4 OnWlZfSl^X . 
[0 0 5 3] 

rz> 0 ttt&<D&&X'iz* moc vD^rr^ yr^u? 
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7xt*ag<DH f o 2 m chat. ^fcH f oje^bw) £ 
tetttt^izr>i^x$mt%* 

. [0054] CJfM CD^$g<Dff^D 0 9l*3l$£CDff^lC 

«*«««Laai«-cfe*tksi«cvD»taa)-«$*-r 

laSSST-fc^ ^^COSft^l (01O) fcSJLT. ^ 

[0 0 5 5] Hic^-r^l::, JEcSm i J*U^ -hffli&flQ 
10 2 fc^otSW^SfDt-^a-^ h i 

8A*I9:I+£*l* 0 t— 9 h i 8<Qrtffl$fctet— * 
3*><sait£>*u t— 5»3/c<fcor-9-b^^2JifcKS$ 
^S«4^3f^-gS(C/B^-r^cfca^^oT^^o If 
2Jif::i£S£;ft,*g*£4te. 0q^_(#^^9«:->'J rD 

[0056] JSlCM 1 *y h- 1 2 tftSM- 

£*U &H£\b\&zlzz ^ h 1 2 fc<fcoTJElS^ 1 rt(Dt — 
8£l°I$£LT. ••Hz:** 2_tCD»£4 $0 

&xzz>* ^f^ot^§ c s^4^isiiE$-a:^(0tt. 

^,T&1±:tfx{ai&J--*y h 1 o^y^AT^^jStt^f 

* 0 cnfc^y^iET^mi^^e^fiScxgr-i*. &n 

£ti<X'Z^ ^fcS«4(7)®rtlC^— fCf^^L7rJ^*4^}X 
l7y*^^t^Ci^^ St5 4(D®l*J^^)fc 

30 «ffirt/c^fcy«5— ^@^ff^fiJcT*$-^o &tz&: 

3it4f2^@ff^lSt'(t «EBffr*n::;bfcy*9- 
[OO 5 7] ^fc. Sf&^l PKDV-teZ?^ 2<D±J3\Z& 

gLOina m^vv7- K6 A<SSit^^x^>o ->-v 
40 ^9J^fz*>-v^— tt^^aj-C^-^^ ^lz^oTl>^ 0 

[oo5 8] sc&Mi^fc. ^^±rx^#^^^-^^^ 

(Metal Organ ic)^<0^«»(*B!«$ttlS-r*ja(*l5*4 
*4$»<t^*ft<tS5 9 3 £ £^f*o fiJc^J^*4<tLrii 

Hf - (mmp) ^ut'cnii&mizm^z* 

50 MOlt !EJ5cm;tfX<t LTC0^;St4^" 
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hD-7 1 0 2i^t4. ^^tl**X^ LtliA r. 
He. N 2 tt££jnt^«. «KK««IS3.- y hQica 

lOO 5 9] E5*HK&&5I* % &*£4-hlCH f 0 2 ]gl£ 
tL^o i^i^5b, ^35f£:tfX#*S^5 ate 

i*^-tt^-*tL/N*;u^2 i „ 20£|gH\ cti^><D/N;u^2 
<!: CO ig^- *> X CO # & £ m fWr * - £ 6 « ^1 fit £ U o T L > 
[OO60] ^fr. SctMmic. ^-;;*;u£3g££-fe»: 
4a-7hl 1 (i. m7L[& l )=£— h^^X^?ZL- Mc 

3.- y h 5 O , 6 o , 7 Oli. ^h^F*uo#x#fc|&35 5 
1,6 1.7 14:. S*#xcO{**£S£$WT*^SflJiSn^ 

Lt«7X7D- =1 >hD-7 5 2 , 6 2 , 7 2 <t . 

!£;tfxc0:tfx&£^4 o^co^^ON/OFF^r^/N'^^' 

53 f 63 ( 7 3i^Lt^i. &!&)&i£2 56*. &/< 

J^Z?5 3 ,G 3 f 7 3(D^mmm^fjz>^ti^^^j. Zf? 

X^±f&m<Dij^X'hi>TJ^>(A r ). &1j?l£Bfi$ 
^XMT*C0^ff$fiSt^<tm2^@^fi£XST'C0^^[^ 
^B^<?:fc^ffi-r^^0 2 . &tfgt£limcora3H?&fcff* 

5 0 , 6 0 , 7 Ofrh>m&2tLtzi5*te. ?isi3)l'§£±3- 

[006 1 ] 7V*i^i--vM 1 COTaSfJlf^f*. 

JfctfcXff. Xli^'J-->^Ilt\ y-v9-^-;K6 
CD^ v^JU>'-v r 7-'N'y KS6 blcSlStfcl^ LTCOgg^ 

it. /\-;u^2 4 zmmrz^tiz* y, ^*;uco#m 
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o. 7v*^4i-yhi i. ^a^flUSSi 3. 

[oo6 2i ?2?4uLg±3.=<? hi i (*. mimmm 

ifctfcXg. Jg2sS|Elfgff2fiJcXig. 

T*. ifefSLfc^v^L^JSttMi rtfc{fc|£-r *o mm 

MJBttXfl £ m 2 SiSffMlSit-ffl SlSlfc £ 

10 Ltfl)7V*;Ui, ^tLtH f - (MM P) 

&r z> zl t iz: * y &«i mizm z> skieris t > 

H f O 2 ^}^^iE^fCC^H^^C0^^[^*«lS^5a 

20 [0 0 6 3] KJS^i f^SS(tfcl^«^^5. ^^7^;u 

^CD^I^P6<«|fie?n^o fiJc^'>V7— ^ y a ^ 

KgP6 b ^^t7tc06<^v*^#t|!Sa-efe^ 0 iu 

*M^cD-oco^jf^fc^t>r(*. tt^j^i 5£^riB§-r 

^C<t^"C^-5 0 ^COti^fi. Hf - (MMP) 4 ^CD 

□ <tli. v-vr7 *y K 6 ±i*^^t;t CO^f&^-«, HD*> 

y. tt««l 5£^*:5K ^SCD«|RSc^fw^/cr^^ 
K 6 ^: i* I r I f ^ ± X CO ?L 8 1 * ^ pg itl T ^> ^ ^ f c U & <r> 

CO 0 6 4] J^PS^I fcSCCM^^»mt-^)»^P7 a 

6<ssit^n. -eco^^p 7 a(*s^L^i^^^src^ 

40 &?Zm$Z<g7lZ&8iZ1xXl^ 0 »^©7IC(*. 7^)X 
^*4^0MR-r^7z<^COl^*4lsl4K h^-y^l 6*)<l£S£;ft, 
^C0J^*4@i|X h^^v^l 6(i. mi^Sff^fiJcX 

mm.?** 

[0065] ^7]'^f5bSlj:7V7i;^ 
f£©1 3ICI*. ^^^7fcS§:!-f/ii^«[Hll|X h^V 6 

-{/Uf 14b nV/Uf 1 4 t O 

50 ^) ^^4^"X/\V/\ 0 xg 1 4 a 
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\>-h /Uf 1 4 b **h^*l'*)l,Z? 2 
2. 2 3 C*tP,f-<fcy. SfS^I l*9CDg&4 

^fc. jeismi rt(DS^4_t(c^v;*;u^^^^r^^ 

-T^i: ^I^*4^)X/nV/<X©1 4 a. mttlsltiL h ^ y ^ 
[0 0 6 6] tl.TnHte/<)l,y2. 0-2 4<Dfflm3f£ft\ 

^mm^xm^^^m^m^xmrn^x^ 

Hvr9- ai^I£«;tfX£g«4JL'v2cJ§; 
CEO) ^(c^^Lfc^. 7V*^>V9 

— ^y KSP6 b A^^m^^^^U^^4Jb(c^^f * 
<fc^^$!J^-r^o fit, S«4_t-s(D^«^X(D^|^ 

££>K. m2^jgiJ&fi£xig(:r&oTte. 
fi£lg^S£T*#;&L/c!fe. fZm^W-^v K«J6 a6> 

fc. z*izm&Ji*<o&i&tmm^i>*)i'<nmi£t<Dm 

f^jStttfX (Ar. He. N 2 fc£) £&&TZ>£? 
[OO 6 7] ^fCJi^LfciaQO^^^mfiECOg^S 

[0 0 6 8] {§J 1 IZ^ 1 (D^ftgCDffcsgCD^O-trX:? P — 

1rtl:i-5SLMij5ELt}D<o ^-<7)&. »E4£SlE 
$53.- -y h 1 2\Z& t — ?3tzmt> 

zm&LxmwL4<D^m.£tfLm>&&v$r> ; b3 50-50 

7'2 0 1) „ ft. m^^#*4(£>J5JS1± 

y^££<. #i;U£H f - (MMP) 4 ^ffl^^)t| 
£fCj3lNT(£. 3 9 0~4 4 0°C(D^iWaL\ £ 
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£§?H*:C. Ar. He. N 2 fc <t*(0T^ti^»X £3?(C3£ 

LTJ3<<t. ^;u^S^^(D^4-v<D<t 

^»x-r s«4^scs^i rt<tymaiLfc^ 
4 a*Ecs^ 1 i*j re ?h£ l t > t % tz ^ fz&ii x 

[oo69] fttt&xiz. ca^fcj^g^^titf 

ffcfiSXiSAfclDlvC. £rtft^m&*£X^3?2 O 2 

mft*. &tt^S«!gp=£«9 2r-3£S^j®)L. 
3 LTSUb$^:* 0 ^LT. /\*;u 
3? 2 1 £§mcLT. fi£^«^^3.--y h9A^*r*&;$ 
<*^«<t LTCDH f - (MMP) 4 ^^blt^*X 
20 £^t£4 -hfZRft^S. .#]?U£0. Ig/minT'^IO 

f^3|^A^. £&(D?18 ^ISSLr. -9-b^^2JiCDS 

/\*;u^2 2^^L>r^^^X^/\M/^X^ 1 4 
a;&M=>!#^-t£C < tfC < fc y, g«4Jz^(7)I^*4^X(D^ 

^fcntTSo cmr e j:ysfe4Jirci^^^x^f+^^ 

-er^fiE^^^^^T-r^ Uf^202) „ CCD 

30 ^Jl oft?F B 1^. ^«**x^^5 bfcSSI-t^/^^2 1 
^Ct, 4 afc^itfc/<;u^2 

2£§§£. -y h9AM=>«^^n>S^f4 

/\°X^1 4 a &&CX&&?Z>£?lz?Z>CDT^ l%mJ5 

[OO 7 0] C(DJ5£^I^^^^. X^RPO (remo 
te plasma oxidation) JMcOP^ ^S<4^'X^j^^5 
a/cSaitfc/<JU^2 Of*^(tfc$^fCLT. N 2 ^<t*(D 

40 [007 1] ffl^^Xf 7^2 0 20)^ RPO 
42&II (Xf-y7203) ^tr^^o CC-CRPO (remo 
te plasma oxidation) (0 2 . 
N 2 0. NO^) ^^^Xvfc^or^tilbLT^RJcL 

ifr-fi. ^<£>A r h 5 oco/n;u:? 5 3 ^ 

-*y h 1 1 — &*£L. A r 7 > zrX^r&§£3= A r 

50 0.^1X^-7 h 6 0(D 
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*uua<£/££*l£o fit, /*)vz?2 4 ^ggrcL. 
*j^-'-/m 1 fc^yg&f^^x^fcrsttib 

*£-f<5o *<D'&. *<i)V72 4$EflC/«;L?2 3 £§?]IA 
3) „ tt<fc. bJJK^i 5»Mfe. ^v*JU#MSei sfcSS 

ttfc/N*;u^2 4^gfli:r. 7v^iu\V/Uf i 4 b rc 

gltf:A-J^2 3^^ ^*>;U#£±J-^ hi 1A> 
^(c. 7 v*^/U/Uf 1 4 b ^ICtMt^J: 7 

[007 2] ft^-CI*. g«SS4MC»EI*Jft«Lfcfr 

ic^Lfctt, I1i@(DHf0 2 ^Tife<l:Ltf 
2J8KDH f Oj^lSt^Cttft^ tt**- 
ax?** L T l Y>^r 3. v a > * ■< 

[OO 7 3] Xf7^203roRPOlI^ Ifi4i< 
Br£(Bfi£&;EJ£3 9 0-4 4 0°C^#ST^^T't#O o 

aamnc*. a^i #~2#3 o&-c&4. ccdrsl B* 
t Rpoaiixf'^2 o 3 0>-9--r ^iu^«ai3»y « 

^^^f^X^r 7 7° 2 O 2 i R P OiaS^f 7^2 03i 

JilfcXgBICA*. Sf, XT=--v^2 0 5(DfiJclSflliir*. 
/\;U3? 2 2 £ffllZ[_X/<)l,Z? 2 1 £Gaf:iLTfiKJgfiS*4# 
h9^b, Hf - (MMP) ^SitLf:^ 
#X£J5JE^ 1 l*?(DS*£4f;:** LT#*£-t&o ^(OJ^tt 
#X&*£&$. R^RPOffii Uf772 06) CO 
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T, 2Jt(0S«4j:fOv r 7-tt^^$tt 
BnKS^^x^Sf^^^'r^c<tT% ISSCVD 

h f o 2 Wfig$n^ ut77*205) 0 Msa^f^ 

B^PpI^. /n*;u^2 1 &mC'<)\,z? 2 2*f%< ^ £\z& 
y* S«4±-v(Dl^«^X(D^^^^ih^-'2>^:<t tfC. 

*o s«4ji^(7)i^f4^rxco^ttf?it-r^ 

JtLfcl\. ) 

[O 0 7 5] Xf ^7°2 0 5(Dfi£^l^ ^(7>lg!£afe 
K*-*3ttlflM£LTa>RPOflM UfC/7*2 0 6) 
20 fcA* 0 /<;u^2 1 ^Cf;^, /<;u^*2 4£&fJ(^T^ 
*y h i 1 fCcfcy&^£^XVT*S1±<b 
Lr^fcJgCC^i LT<7)gg|fi^v^;u£g*£4 -bfr^fM 

-CH^^^^LTRPOflli^Tr^o 

SBt't, S^4ttlEl$£L^A<^t-^3fC c fcy^f^ 
IS (^^S<t(5|-;-g^) fc^fctLTt^OT*. C. H 

Mf£, /\^7 2 4 ^ C/N^7* 2 3 ^ g§ < C 1 1: J; ij, 
30 mWi 4 Ji^CDgg^t ^ i>*> ;KD#*££f?itt- * <t ^ t fc. 

7v^;u/U/Uf i4b^SCti 
St-r^o (^^3. S«4 Jt^0)^^v;^;KD^^(*^ 

JhT^6<. 7V*i^4i-7h1 16^^,(D^^^^^ 
[0076] CCt't, RlciMXf 77°205^:RP 

40 (X^r«y^2 O 7) 0 

[OO 7 7] JiiliLfcck^lC. ^^jffiCDJf^asT'li. fg;^ 

50 l^Z>tzihX*foZ> a mtz, J5t6tt<DJSL^K3R^v;*;ui:® 



19 

[0078] 3?figC0^5g<7)mi^@^fiScXgA-C(7)$? 

£Lt^j£®Hi*. ^coayc-fe^o mi^@f^fiJtx 

H A tz I >T S«SSA<3SSa & * <t @» # X L 

aSEtt*<P < <t 8fc C V D ;£ Ml <*: * fi£BI U— h &± C ft 

6^ < U y S^tt^ < ft * C £ ■=> . 'PU <tt2O0 
1 Si@r^XSr'C0Sfi;SJgli2 O 0°ClU,h3 9 o°c 

[0 0 7 9] l2^@MlSBf^lt^fiJcg 

jLmx'om&Li^m*. &&£cxh f - cmmp) 

C390-44 0 0 C. ffi^tt 1 O O P a^^lilTTr^ 

(i. 5&Ii;"gS(i3 9 0~4 4 0°C. ffi2j^ai*iOO~ 
1 0 0 O P a^gL ^ v^;u£j£ffl<D0 2 3S5f* 1 O O 
sec rru ^FiSli^fX A r aSSli 1 s I mT'ife<So 

^ul> (t—?(nnm%LmzKm-£?iz-'ztTzz.t 

lactic* y % *s^r>— fa^^z?$mommm&<r>m 
&&tz&z/i-^4<7j\,b<n±\~iz< <#y. ^fc. & 

[0080] t&^ <D&m<M&m<oz?aii*z?a — £tt& 

^204) . ^^SSCDff^^XM*. 

run isi^@^^fi£Lr^<b (x^3f20 2. 20 
Tte&Lxi^cDTu ALDmtz&vxmLtzmtmu 

y^g6<&*?<hfc:*o TUfr^. ALD (Atomic Layer 
Deposition) f*ffiS;SS. E*i£<iS<, i^gfo 
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(i. ^CVD^(c<fc>5fi£^g<t:y tiS^T'fr^^ (IS 

XlBliALDJclJ t&S^Jg. ffi^A^LNgftCVDS 
Pt^fflC>r. ftl^BI (IO-I 5*>^X h P-Al 

jg) &&&®mi£'r ; b&^izcxi^z><Dx^ ald^u 

[0 0 8 2] g-fc, jSI5ai(Xf^7°2O5)i0)ai 

10 *<7>7k^£ (h) ^etm (c) ft^o^is^wafcBfc* 
^^iMt^^ 0 gsf-. (h) commtz&^xH f 
i**c<ta<-e^* 0 i£tzm<nmt&is.mrzz\£i>x 

[OO 8 3] ft. ^S£<Dff25sT'(*. Xf 'y^206t*a 
20 tMiLtRPO^frofc^ *SgB>j|*C*U-|£ 
S$*tftUV R POffiI(T8B®)(^ftfi: LTte. 
1&X(D& ^^tCOA<fe^(TS£©~<S))o 
®A r ^CO^tetfXf::. 0 2 ^;-g^$ti-tff9RP0 

©A r ^(O^^tt^rxfC. N 2 £jg£-£-fe!:TfT^ R P N 
(Remote Plasma Nit ridat ion)*&*I 

(3)A r^CO^Sti^'X/C. N 2 <!:H 2 i^$trf79 
RPNH(Remote Plasma Nitridation Hydrogenat ion) 

30 ®A r SpCO^Stt^Xfr, H^t&M&Z'&Xfr^R P 

H (Remote Plasma Hydrogenat ion) *&S 

©A r S?(D^5Stt*"Xfc H 2 0<t£ig^$-fc»:Tfr^R 

POH(Remote P I asmaOx i dat i on Hydrogenat ion)^S 
©A r ^(D^F;£te;tfxlc. O 2 <t H 2 £iE^ ^-ttTfr ^ 

R PO H&m 

@A r ^CO^jS1±^*X(C. N 2 0 <t £;"g^£l±T?T^ R 
PON(Remote P I asmaOx i dat i on Nitridation)^?! 

R PO N$OT 

40 [0084] ^f-. m2Mmmtef$.jLmBizte^x, ^ 

iffilXf «y 3f 2 O 5 £ R P05|lIiX^^^2 O 

OTa^3a$$ifi]± $ 1 4 c i i<t^^ o stz. m 

£7^)V7 7*&!giz1&ft?Z>z:£tfX'$. tsm<tLT 

i )-<7n%i&i&'Mrz>^£tfX'$z> 0 &tz. m&m<D¥ 

50 lc^m?^^M^L<^l^S&®$iW< T'^^) 0 
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CO 0 8 5] -£tz. liJcMXf'y^^OSirRPO® 

tt. iv-^o^mtzwmm** o. sa~3oao/ 

1 5 AHJg i<J;y$T^L^<t%^t»n^c 
1 -^-r^;UT*3 O AlUJ:te?IT*<tim4>(D^|i&1fcA<^< 

B*2rLf::< L^L. 1 V-J<7)UZ£ yffcfiJc$*L 

*^J5A* 3 0 A <fc y » &&itm& y lc < 

*x*j£:tfcSS) <DT% T^u^7Xtfcsi£ftf$L-t^lg 
£*£*IL. ^£<|gS<fcir*flflfcRPO^£fT?C<h 

1 -y--f*;uSfcy £>BII5£0. 5A~30Agg 
tfeSS<t y *U — O&ftt&tttUzKl^tl*?* *)? h6<& 

-So 

Loose] 031*. ±&\^tzm^nm(»r*mz?n^^7. 

^V-h^f„ (a) (*S^S^t±^^L. 

B#Pb^ ^(i^S^^-To (b) liHf- (MMP) 4 
JSmtfxgm^s:^ (c) {*g£9?t^i;*;uem$ 

mt<3 9 0°C(C^igf -fc^-C^fclfC. Hf - (MMP) 

v^;i,o 2 ^i 5fj?F B 1aSU -ie(D&-<>*— /'Ou*! x# 
^Xf^^Lt, ^t±:tfXN 2 £5f^5St-^-l'^ 

[0087] g]5li, ^j&<Dff^:?"P-izXfc£&!f? i ;W 
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ti) .^Ltt^, t£5fc:/a-trxf::£*t<Dte. -tf^^ 

&tf2u±izuz£m^n^tzuz>i><D<n. m&&&. 
*p(ov->c<7ji,&L&mm?zizfti\ mm<D^m\±&&m 

Z*LXl^Z>^£t<t>fr*>* ttot, &m&5' 0 T'$>Z>*m 
#T/\VX(Dfg*It££raJL$1**C£a?T*#. f/U^ 

[0 0 8 8] t^ZX. *1»fflB»l*X«AT*lB«*J 

4\ztt^xmmrt*<»m&-nm^vti)^<»&i&& ^ 0 

fc* It fro fcii^ aWtfJlc^a^rit $ I >® ffWiiE C 

jis<Dm&&ni$i\2i&v&?zttzj:v. m<ni&i£2tiu 

[0089] &tz* m^mmmr^Jim^tz[^y^^■a 
mt&tomiztt&te&rt^&m&Lxi^oiz (-0^ 
«tsa. &miZ7Vi3)i,zm&TZfftizttBLi£te.ii* (n 

2 , A r , He^<D^^tt^*X) ^^^T^cfc^fC^-^ 

^^XC0^fZc*:yS^-t^(D^^^rx<DqR^ 
S*><*&— Kfc*o ^/c. 0£#:tfx&|£gHcg§3^^*,,u 

30 ^c^Mt'^ SiC^rtfr®«^x^^^^*;i.<tA< 
(^B#fc^ L U t ^ ? fc^f * C <t A*Tr / <— *r -< O )V 

*)l,<Dm&t&. &KlztiL$Z®&*>)&?®&lZ&l\X 

«tt#X€«|ft-r ^^^^-T^t. I^«^XCDqR^S6< 

Q-izuztt&iz, mmi5*m&ikizMm^v*jL£ 

iz, mm^>>^^m^wz^n^^^mi^r^(Dnm 
^<p<n&mtJi;t>)i'Zfc2:X'2. 5L\zmtotzm&jj*t 
40 nm^i>t>)i,£t<mtef{zft&LUi^& ^izr&zttfx 

[0 0 9 0] -£tz. v^9-^7K6^ fiJc^v-^^- 
a <h 7V*;UyY9-^-; b <t fctt^I 

x<t^^^^^;u^6^^$tt^'>v7— Ke^tt 

50 
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[00 9 1] ->V7— K6 ^tttt-fcChfcfr] 

*.T. £*fc0im#X£&t£4^^-iI^li. H^L^ 
l>?S1±#X{Jtl&J-=? b£ y ^ 5?*;i*->* , 3— ^y K 

^ii^tt. TStt#X#*6zL- v h 1 O^P>ric£l:>A"7 
;Stt;tfX#i£^L-*y h(!:l«iyt9-^^ K8B6 a 

l^O)vv9-^7KSiJ6b, 6 a fc^1±;tfX£3£-r 
[OO 9 2] wHSLfc* ?fC. ^jUSttttJfcl 5 

— -x-<^u35)£. Hf o 2 ^t^-f -r>v / ti)Ci^ 
-e^£ 0 c*u::<fcy, h f -(mmp) 4 ^«^x$ 
tzitmm^i>Ji)i,%t(nix.itV9<nz>a-± t i>iz*zmtot< 
m&4±iz^.z>(nz&i±x$z> 0 ftfc s 9 cr^-ri^s 

i&^-*cd-c. ^S4^s5#i&6<st£4j:fc^y^*>-c< 

c i f 3 ^coc i ^^t>^*x)-e^ y — 

COO 9 3] fcJS. S^lUnCOm^fCff^^tL^^II 

JLZ7h50(0/\;^53^^ Ar^X§^355 0 
frt>&t&LtzA r ^BX7D-D> FD-752T' 
5£SfclfSPLT =7*>-h)i,n±=L- V h 1 1 <^#mL. A r 

C I F 3 ^]X^3.->y h7 0(DA;i7 7 3J^?, C 

z?n — n> hP-?7 3 T'^S$li$LtA r -?^X~?& 

fiSc^n^o fit, /n%7*2 4^CL. 

iL-y h i i y c I F 3 ^^ , ^Xv^T;Sti1bLr 

£fi£L7cC I F 3 7v^;^. ■> J r r 7-^«y K6 £*£fi 

Coo 9 4] ^*4tfx. gg^v;7j;ucDJxJ£^ 



(13) 2003-347298 

24 

jt-t*-?"/<-f/<xei 4 e fcy&&r*<fc : 5f::LTi^(D(;j: 

^t§§9 3|-^Ct^;*$«:^(0S«b^<fcl/^tL/c^« 

io *«fc?K-t*«, cm^y^ffli^ic/N%7-2 1-24^ 

COO 9 5] S»5QS^iS26<^®EiLr^-2>F B 1l*. 
^"2 O^gg^^^liTJX^^ZL- v h 1 O J: yJSFS^I 

coo 9 6] &m<otemx~iz. m&co&oizEm 
coo 9 7] ^fc. ^ i mmmmtitJimiztei^T. sec 

•y^202)<t. KJSIfccO&i&CX^'y 7?2 03)<t^C 
^^t;J5l^^(CCT'li. ^^^X^^^X^/z^ y;S 

mz^ mitmnm-m^mt^comiz^m^^: 
#>z>m^z®m?i>£. &mtm&w.mizTi&grtBuztt 
m?zz£{zuz><Dx. m&&ffiiztei^xmt&!Ztfft 
* izm'n lx l^^o -t(Dis^. fimmt itsio, 
3i<»&m&<om^mb<r*rti2 n^-r < u & 1 1 ^ mmt>< 

50 (MMP) . i ZmtSi±lzttmLtz&lz(*-ryZ?2 O 
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^SKSUSLT. Hf- (MM P ) 4 £ttft?LiHt£-£ 
-S^^fCJi. S«^®(*H f - (MMP) 4 T*S^ttr 

g30 0°CJy.T(C^5t^T H f — (MMP) 4 &tfm2-£ 

f- (MMP) 4 £tt3t£-fct*<t^fC(*. fitf[$Eft1b$ 
1±^fc^fc^^^b^(K^li)A<??^L^l>/r<tor*fe 

re jt^*^ ^m^^^EOT(n^i5) 

[0 0 9 8] ft. ^^(D^sgO^P-tX^fcli-imi 

^@^/5Exm<t, m2&mmw*f£T.mT'<Df$.mi% ! ft<D 

y, -ettJ: y fc£«3l£A<S?CM*ST?&*ttf* 

fc N BKIBIS«i:LrH f ~(MMP) 4 *ffll^*^fz 

<*, Bftit2&£(*3 o o°ci&^-e^^<t^^^n^>o 
y. xfisa^icfT^mmRSJ&jsxaAfcjst^. 

Xf 7^2 O 2t'*fc'3 O 0°CfC^LTL^t^^4^v 
y^XCigCU, — Sfr, 1^^3 9 0-4 4 0^ 

fig^«<Z>eB^fl?J5tS6<y -r>fcfic*« H f — (m 

MP) 4 $i»»3F-e:fc«frit<t$-e-*«^o)Sit5Ctt»(D 

Hf[X(CH3) 2 CH 2 0CH 3 ] 4 +240 2 — Hf0 2 + 16C0 2 +22H 2 0 
^fc. H f -(MMP) 4 (0eB^Rf5©SlC^{±^a) 

Hf[0C(CH 3 ) 2 CH 2 0CH 3 ] 4 -Hf (0H) 4 +40(0^)2(^00^ 
Hf(0H) 4 -Hf02+2H20 

(^ea^sic). hd*, **ffi<o^sa)m2»KBiK 

y '><f < X- ^ a <t i * ? n&mmt<mmm * iz ± o x & 
[0 0 9 9] i<m2<Dmm<DKmi esi. -t^u/cm 1 0 
4>r^ 1 mmmzmtiL-fz* oizLtzt*. &m+vitu 
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<. m^COiSig^ (2 0 0°CiaJi3 9 0 0 CJUT) 

^^^ySLTt^m2C0llJS<D^a§^D-trXCD^-< 
5 >^^V— h^^To (a) tt^&f^fm^L. 
&IW;*B$NL «*(*SflE**-T. (b) liHf- (MM 
p) ^ftJS^m&Z-mx?^ (c) (*M*^i;*;u 

[0100] f£2<D^J£<£>ff2s§-ci*. fi£^gO4 4 0 
£&ffl^f*<, m 1 i ^@f^;SS 200 

*<> mi sa^^^ift^Lfc«sgr*. Hf - (mmp) 

4 #X£ 1 0«?Pel3SLfc^. Y >^-/\^*'X^Xt 

^m^^^ysto ^fcm2^@^^xa 
isLGMtt lx (D&m^vt> somite t<Dr$i~-< is?-- /< 

i^'X^Xfy 7&ffU ? ? lzTZ><Dt<&3i LL\ 
[OIOI] C(7)|g 2 (DH^^^^COit^. m 1 CD^JS 

miiigi^g (2oo-3 9o°o ^xom-^m 
mimmmxm&fmt. M2^@Msg (44 
o°o ^x<D^^m<D^nmi\^. ^t^uM^com 

ttfX'Z*. 

[O 1 0 2] gTfc, HSS(Dff^t'(il|g;§g^CVD 
^/c^. St5 4<h^(7)^^^6^<^yS^te^<^ 
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±izm&? ; bt&l^RPH (Remote Plasma Hydrogenat 
ion)*&*S)o fcm^isDJUz* yOTi^bJK ;^ 

f*;^202) . Uf-;^203) 

[O 1 O 3] C1£3<E>3SJ£a>ff*3SD Si it*. !&3(7>3I 
^2 O 7)(7)P B 1. JJsi«;tfX£g*SJi^f«2i**X§(X 

f'^202)^ mm^z^frrt**? 1 ?^^* 
y ;gtiib lt*# sisifc£»£-tf::#*^f * - <t 

<t"J^(H f Oj)«mg(Xf^2 0 3) 

rrc. sfljA^s&^-c w^(xt7^2o 

2)-RP05!ll(XT7^2 O 3)D Zn-V-J <7 

[0 104] CCDig-g-fC^^r. fi£^«^^(X^-y 
7°2 0 2)i:RPOffii(XT'y^2 0 3)<i:<DfBlfr, ^ 
SStttf X (#£C514:tf X)fc J; £fr ? (Dtm* L 

c\, 5Efc. rpo^KXt ^^203)^, ^u-f^u 

<Dfi£^*4^(X^-y^2 O 2)<hC0Pa1fCt^t4*'X 

Co i o 5] mmmt Lt, gffi;£J££2 50-300 
°CfC«g^L. Sl£^P*?<7)ff2)£5 0-3 O O P a fC*S£ 
L. H f - (MMP) ^afcE^O. 01-0. 2 g /m 

i nfr^^L. [M^(^f7^2 0 2)^ 
C?~R POM(^f «^2 O 3) — ^Stt^" 

^^B#Pb^(X^«v^2 O 2) : TO«\ ^Stttf X/\°-V 
B#ra:5ft\ R POfflIB$M(Xf 7 y° 2 O 3) : 2 O 
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-r£;ut?fcy, c;ft£80+r>i'£;t3lfiSLfc<fcc*>. h 

<*K SlS4tHf0 2 Ii:(Dfi^6^<^y, S3&t± 
tfS y* C(0«^fC*3itt^a^. [Jg 

10 HIS»«lft(X-rv3f 2 O 2.)-»T3tt*f*/<— *?-*R P 

ICR PmM£f7^0>a<»£Ll*. 
[O 1 0 6] ft. JbaLfc«ffi<D»IS-Ctt, 

2 0. NO. O 3 &£'0)&$d«tfX$J!lL*«C£4<-e3' 
* 0 n 2 o£ NOfCOlvCf*0 2 <tl^4^ 

[0107] &t-±&l.tz&m<DJ&mT~i^ -7=e)lsZ>-7 

30 te. H f 0 2 m^(OH f ^^tT^fClS^r. T a 2 O s ^ 
*>Z r O 2 ^^if<0ftb(D^®^b^CDff^^ti@ffi-5I^ 

t*&6 0 h f &$&mvLft<Dmx$>'DX. ^mm^m 

LXteflLX-ZZmt Ltll #J*(£;*tf>(1)~(8)CDim;£>< 

(1) PET(T a (OC 2 H 5 ) 5 )^5pJfflLy-T a (gHt 

(2) Z r -(MMP) 4 ^)fflLf:Z r (^-(b^^Uzi^. 

(3) A I -(MMP) 3 ^lfflLf:A I imtTJL^- 
40 OAi) 

(4) Z r-(MMP)^^S i -(MM P) 4 £*]ffl LfcZ r 
S i OK(K1bZ r ->'J>r- h^)-^Z r S i ONi(g 
^^bZ r v"j^- hE) 

(5) Z r -(MMP) 4 i A I -(MMP) 3 ^fJjfflLfcZ r 
A I Om^Z r A I ONd 

(6) t i -(mmp),^iu:t i ommit=m >m) 

(7) T i -(MMP) 4 iS i ~(MMP)^^?>JfflLf-T i 
S i O^T i S i ONm 

(8) T i-(MMP) 4 iA 1 -(MMP) 3 ^^i|^Lf-T i 
50 A IO, T i A lONi 
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[0108] J«Ifl)Tife<tLt[^ ->'J=i>g« 

n i-ttz (omx-h o r ^ <t t > 0 

[O 1 O 9] 

[0 1] f&i (D^SScoBsl/Ccfc^^D-trX^D— at-ife 

[02] ^^(C.fc^^D-lzXCO^D-Sr'fe^o 

[03] mi (D^<Dff^^fc^^S«;^S<t^xt>-^^ 

[04] mzcnmm&te&tz^zmwi^&tjs^v-j? 

[0 5] ||^(DJf^^^^^S«^*D^4 3 <7)^-<^JU^I 
[0 6] ^(DJfcagfC^SIjCl ^@ff^RJcX^CO!tt^0 
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10 
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[0 7] -mttumiK±izi&j£2nzmm<D¥mte.<Dm 

[0 8] -&ttu&&±&m<Dmi£&m®T'&z> 0 
[09] mm<ntemiz£ZJxit;m<n®tm3im\%T'&z> 0 

[01 O] ^m(OCVDJ5C5^<D^S4^0T*fe^> o 
[011] !g3(D^te<7>ff2SfzJ;*^n^X3m-0T' 

[tf-^<7)Sfcf$l] 

1 Sf&M 

3 t — S 
4 

5 JSKftl&e 

6 K 

6 a tim^^O— KSU (JS^^Xi^Q) 

6 b ^^tuvis^^—^v KfiP (^2wu{£*£a) 

7 a ama 

9 Rg^iN^^-'Vh 
1 O ^tttfxtfc&a.- h 

1 i ^ v^i;u^£fe3.- ^ h 

2 5 (fcl^S:) 
2 0 — 24 /\Ji,Z? 



[0 1 ] 



[02] 



352»H«JBe£ISB 



S<t^SJ5S^S« [ —201 



-202 



-203 



RPO40M 



1—205 



206 



~}^207 



gggsjsa^sn* | — 201 



I 



T 



J- 204 



J- 205 



J- 206 



3^207 



[03] 



[04] 



(a) 

(b) Hf-(MMP) 4 ^f^ 

(c) SWR^vAJU 




440"C 

(a) fifiss 

200~3SOt: 



(b) Kf-(MMP)* 

(c) VUZy sfiJV 









1 










n n n 


— i 


n n n n 




n n n 




jnnn . 



ID© 5#^15#> 5# 
(Hf-(IOP)«)^{N a )-*(0*}-^UIi) 



(17) 



ftffi 2003-347298 



[05] 



[06] 




ooo on nop no or? | IBa 



swaaiHHJ* w-f o inn 



0-"'1EBIC?BBt$tiSJR 
0 — 2E@fCjgfi*i**i*JR 



orx^g^oo^aT^KTwn | 2Ega~] 



[08] 



[07] 




35 30 



nil 



| SjSSr&iSg^giH f -^201 



-202 



t r203 



[09] 



y~ 207 




(18) 



2003 — 347298 



II O] 



4- 

2' 
3- 



37 Q> h'*— 



F?-A(#%) 5F045 AA04 AA08 AB31 AC08 AC11 
AC16 B815 B817 EE13 EK27 
5F058 BA20 BC03 BF06 BF27 BF29 
BF36 BF73 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
ft BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
X FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

p( COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



